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SELECTION OF COOLANT PARAMETERS FOR REMOVAL AND UTILIZATION 
OF HEAT FROM REACTORS 


M. A. Zimin 


The conditions for choosing inlet and exit reactor coolant temperatures are discussed, 
The reactor exit temperature, for both power and dual purpose,reactors, is determined by 
the allowadle temperature for the cladding material of the fuel elements, The coolant in- 
let temperature in a power reactor is determined by the produced steam parameters, and 

in a dual purpose reactor it is determined by the condenser cooling water temperature or 
the melting temperature of the coolant when liquid metals are used, In connection with 
this, the thermal efficiency, which is always greater in power reactors than in dual purpose 
reactors, is discussed, In spite of the lower thermal efficiency in dual purpose reactors, 

the total of energy produced is but little different from the energy produced in power reactors, 
However, if power reactors are designed for the maximum limits of heat flux, they become 
more profitable than dual purpose reactors since at the same thermal power level they allow 
generation of a greater amount of electrical energy, 


The quantity of heat removed from a reactor's fuel elements that are operated at some set cladding or 
fuel temperature, increases with a decrease in the average temperature of coolant, while the utilization of the 
removed heat for the most efficient generation of electricity demands the increase of coolant temperature, 


The coolant temperatures at reactor inlet and exit will be determined by different factors, depending on 
the assigned purpose of the reactor, If for power reactors the determining factor is the thermal efficiency, then 
for dual purpose reactors the determining factor will be thermal power level, which is proportional to the rate 
of breeding fissionable material, The coolant temperature at exit from the reactor is commonly limited by 
the allowable maximum temperature of the fuel element cladding material, and the inlet temperature is de- 
termined by the assigned purpose of the reactor, 


The temperature of the element cladding, at any section along the height of the reactor, is given by the 
equation [1] 


1 
<i + Atmax COS 428" (1) 
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By differentiating Equation (1) it is possible to obtain the equation for maximum temperature of the fuel 
element cladding 
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where t, and t, are the inlet and exit temperatures respectively; Aty, a, is the maximum temperature gradient; 
AT is the temperature rise of the coolant; 6 is the flux extrapolation for reflected reactors, 


It is apparent from Equation (2) that the point of maximum cladding temperature will shift location as 
the temperature yradient and coolant temperature rise change, 


For a cosine distribution of heat flux along the height of the reactor, the point of maximum cladding 
temperature will approach the point of exit of coolant from the reactor as the heat transfer coefficient from 
cladding to coolant increases, At low values of heat transfer coefficient from cladding to coolant, the point of 
maximum cladding temperature will be at the center of the core [this is seen in Equation (2), when the quantity 


AT is small compared to the quantity Aty),, J]. In that case the maximum cladding temperature is given by 
the following expression; 


Using Equation (2) it is possible to determine coolant temperature at reactor exit: 


AT 1 AT? 
sin? 
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38) @) 


It follows from Equation (4) that the exit temperature of the coolant depends on the type of coolant, 
Under the same cladding temperature, the coolant temperature will be lower as the temperature gradient is 
higher;, that is, as the coefficient of heat transfer from surface of cladding to coolant is lower, 


To determine ty, from Equation (4) it is essential to know the coolant temperature rise AT, which depends 


on distinctive parameters of the coolant, If AT is expressed in terms of Atyjgy, then Equation (4) can be 
written as follows: 


ty — PAlinax- 


(5) 


The average value of the coefficient 6, which enters into Equation (5), changes relatively little, For 
example, in power reactors that are cooled by pressurized water, the temperature gradient varies between 


0.25 AT and AT, that is At,,,, = (0.25 - 1,0) AT and the coefficient 6, in accordance with Equation (4), in 
that case will be equal to 0.58 - 0.66; then 


t,= ly — 0,62 (B, = 0.62). (6) 


In power reactors, cooled by compressed gases, the temperature gradient will be about 2 to 4 times smaller 
than the temperature rise in the coolant, and then 


—0,6 Atmaxs (8, = 9-6). (6a) 


And finally, in the case of reactors cooled by alkali metals, the temperature gradient will be relatively low and 
the temperature of the coolant at exit is expressed by the following equation; 


t, = tiy — Atmax Bs. (6b) 


Under flux distribution coefficients along reactor height of kz = 1,16-1.2, Bs = 0.575. 
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Thus, the average value of the coefficient 8 when temperature ty is determined by Equation (5), may 
be taken as 0.6 with sufficient accuracy for calculations, Expressing the temperature gradient in terms of the 
heat flux and heat transfer coefficient, we get: 


(7) 


The resulting equation shows that the exit temperature of the coolant depends on the allowable cladding 


temperature, on the value of the maximum heat flux and on the coefficient of heat transfer of the coolant 
used, 


For example, in the case of reactors having aluminum cladding that allows heating to 200°C, the 
coolant temperature at exit will have the following values: for pressurized water, 175°C; for compressed 
gas, 160°C; and for liquid metal coolant, 185°C, 


If the cladding is made of stainless steel that allows heating to 500°C, the exit temperature of the 
coolant will have the corresponding values of 370°, 400° and 480°C, 


It is evident from the given data that the potential of the removed heat depends on the type of coolant 
and will be greater as the coefficient of heat transfer increases, However, the potential of the removed heat 


also is dependent on the coolant temperature at reactor inlet, which will vary with assigned purpose of the 
reactor, 


For power reactors, for instance, the inlet coolant temperature must be high enough so that all heat re- 
moved from the reactor can be used for generation of steam,: 


In a steam turbine cycle the coolant inlet temperature will be determined by the temperature of the feed 
water entering the steam generator, 


The feed water temperature entering the steam generator in a condensing steam turbine cycle, with re- 
generation of steam, varies over a fairly wide range depending on the generated steam parameters, The steam 
parameters, in turn, are selected by the coolant temperature at exit from the reactor, 


Thus, the temperature rise of the coolant, when all the removed heat is used for generation of steam 
cannot be greater than a definite maximum value, which is determined by the equations for heat balance, The 
equations for heat balance, neglecting losses, may be written as follows: 


c(t,—t,)=2(isg — 


(8) 
c(t,—t, —At)=x(ig — 


(9) 


where x is the quantity of steam generated by the heat in 1 kg of coolant; {,, is the heat content of the super- 
heated steam; qg, is the heat content of the liquid under saturation; qfw is the heat content of the feed water; 


t, is the saturation temperature; At is the temperature gradient (the indicated quantities refer to the beginning 
of the vaporization section), ; 


Simultaneous solution of Equations (8) and (9) determines the coolant temperature at reactor inlet; 


iss —4s] (10) 


If the temperature gradient at the end of the superheating section is taken as equal to the temperature gradient 
at the beginning of the vaporization section, then the degree of superheating of the saturated steam, which is 
determined by the working steam pressure, will be (tz - At - t,). 


The ratio of heat necessary for generation of 1 kg of superheated steam, to the heat expended only for 
vaporization and superheating in regenerative cycles, depends comparatively little on the parameters of the 


max Tmax 
2 | 
| 


steam) generated, The table shows standard parameters for working steam, and also the value of superheat A 


i 
and the quantity V = = 


iss Is] 


Pressure |Saturation Superheat Amount 
Pp temperature temperature of 
superheat,A 


Quantity Thermal 


ST max efficiency 
atmos 


36.5 
28.6 
28.0 
22.5 
21.0 
20.5 


The table shows, in addition, the coolant temperature at exit from the reactor, and also the minimum 
allowable reactor inlet temperatures, 


Solving Equation (10) for coolant temperature rise, we find: 


te—t,= AV, (11) 


tp—t, = AT, (12) 


The coolant temperature t, entering into Equation (11), is the minimum allowable for the case where 


all the heat removed from the reactor is used to generate steam; then on the basis of Equations (11) and (12), 
we Can write 


= (13) 


Equation (13) shows that the maximum temperature rise of the coolant, under conditions of 100% utiliza- 
tion of removed steam, depends on the parameters of the generated steam, 


From the data given in the table it is seen that the generated steam parameters depend on the maximum 
allowable temperature of the fuel element cladding, For example, the generation of steam at 100 atmospheres 
and superheat temperature of 520°C the cladding material must be capable of heating to 560-600°C de- 
pending on the type of coolant, An increase in coolant temperature at reactor inlet, above the values shown in 
the table, results in an increase in temperature gradient in the steam generator, which will naturally effect a 


decrease in its heating surface; however, a decrease in inlet temperature to the reactor leads to a lowering of 
the efficiency of utilization of removed heat, 


Efficiencies of heat utilization shown in the table, are referred to condensing steam turbines, working on 
a regenerative cycle, 


For dual purpose reactors, whose primary purpose is breeding of fissionable material, and generation of 


energy is secondary, the selection of reactor inlet parameters for the coolant is determined by other considera- 
tions, 


For dual purpose reactors, given definite reactor dimensions, it is desirable to operate at maximum power 
level which is proportional to the amount of fissionable material being bred, 


100 0 309.5 520 210 1.2 250 540 290 
aha 39.0 247.7 450 200 es 240 470 230 
# 31.5 235.4 420 185 | 225 440 215 
20.0 211.4 370 160 1.22 195 390 195 
18.5 207.5 _ 35 98 1.25 125 315 190 
12.5 188.9 264 75 1.27 100 285 185 
also 
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Under maximum allowable velocity and volume of coolant in the core, the thermal power level of the 
reactor will be directly proportional to the difference in temperature of the coolant at inlet and exit of the 
reactor, that is, proportional to the value of AT, 


However, the amount of coolant temperature rise can be increased only by lowering the coolant tempera- 
ture at reactor inlet, since the exit coolant temperature is determined by the same limiting conditions as in a 
power reactor, 


The coolant temperature at reactor inlet will be limited by either melting temperature (for liquid metals), 
or the feed water temperature at inlet to the steam generator (for water and gas), 


Under turbine operation on saturated steam, the feed water temperature may be assumed equal to the 
condensate temperature, and the coolant temperature at reactor inlet may be taken 20 to 30° higher, that is 
about 60-70°C, In liquid metal cooling this temperature must be 30-40°C higher than the point of liquefaction, 


Therefore, to obtain maximum possible thermal power level, the coolant temperature rise in dual pur- 
pose reactors must be taken at a higher value than the values of AT,,,,, shown in the table, However, in this 
case not all the heat removed from the reactor can be used to generate steam of desired parameters, and the 
installation will operate at a lower thermal efficiency, 


For power reactors the thermal efficiency is given by the following equation 


Doli, ) (14) 


(where Dp is steam used per 1 kwehr) which is easily derived from the heat balance, 


For dual purpose reactors, Equation (14) must be corrected to account for incomplete use of heat, With 
this correction incorporated, Equation (14) can be written in the form 


AT max 
(15) 


where AT is the assumed coolant temperature rise; AT,,4, is the coolant temperature rise under which all 
removed heat is utilized for generation of steam (the value of AT,,,, is taken from the table, to correspond 
to the parameters of the generated steam), 


Since in the case of dual purpose reactors it is desired that AT be greater than AT,,,,, their thermal 
efficiencies will always be smaller than the efficiencies for power reactors, However, the total thermal power 
of the dual purpose reactor will increase in this case, and be equal to 


(16) 


An increased value of heat flux will correspond to the increased power level; this will lead to a lowering of 
coolant temperature at reactor exit, and therefore to a lowering of potential of the removed heat, 


Thus, in the case of dual purpose reactors, the utilization of removed heat will be somewhat lower than 
in power reactors, The lower percentage of heat utilized is brought about by incomplete transfer of the re- 
moved heat as well as by the generation of steam at lower parameters, 


For a let us examine a reactor cooled by helium, Let us say that the maximum heat flux is equal 
to 10° kcal/m? +hr , and that the cladding material around the fuel elements allows heating to 500°C, Ata 
pressure of 50 atmospheres and a velocity of 100 m/sec. the heat transfer coefficient can reach values of 


5500 kcal/m?+hr, The coolant parameters for a power reactor, in accordance with Equation (5) and the data 
of the table, will be: 


08 on. 
= 390°C; = 195°C: 


860-100 
| 
AT 
N = N, 


and for a dual purpose reactor, with increase in power level of 45% 


0-6-1, = 342°C; = 60°C. 


ty = 500 — 


in the first case the coolant parameters allow generation of steam at 20 atmospheres and a temperature of 
370°C; in the second case the temperature can be no higher than 320°C at the same pressure, 


195 
The thermal efficiency in the first case Np = 22.5%, and in the second case "dp = 21.5 = = 14.8%, 
Since the thermal power level in the second case is 45% greater, the quantity of generated electric energy will 
be lower by only 5-10%, despite the fact that in the first case all removed heat will be used for steam genera- 
tion, while in the second case only 65% will be so used; the remaining 35% is discarded in a supplementary 


cooler, 


From the given example, it appears that an installation of dual purpose reactors is apparently more pro~- 
fitable than an installation of power reactors, since it generates almost the same amount of electric energy 
and in addition some quantity of fissionable material, 


The discarded heat, generated in such an installation, will require additional expenditures for equipment 
and operation, but these expenditures will not fundamentally affect the economy of such an installation, 
Moreover, the value of the bred fissionable material can more than cover the additional expenditures required 
for removal of the unused heat, The advantage of the dual purpose reactor installation was established on the 
basis of the assumption that the fuel elements allow increasing the power level of the reactor, However, if 
the power reactor is designed for the limiting maximum heat fluxes (for an element of diameter d = 7.5 mm 
and stainless steel cladding, this is equal to approximately 2° 10° kcal/m? -hr) then an increase in thermal 
power level through an increase of coolant temperature rise in the dual purpose reactor is not always possible, 
and in this case such reactors will be less profitable than power reactors, 


Actually, under heat fluxes of dpyax = 2°10° kcal/m* «hr the coolant parameters for a power reactor 
will be 


0.6+2+10° 


500 6500 


= 315°C and ty = 190°C, 


(Steam pressure is 18,5 atmospheres and tg. = 305°C at coolant velocity of 150 m/sec), 


If the heat flux be increased in proportion to the new temperature gradient At, then for a dual purpose 
reactor it will be equal to qmax = 3.5°10°, which is not allowable from the standpoint of temperature gradient 
in the cladding of a fuel element of 7.5 mm diameter, The coolant parameters for a dual purpose reactor at 
the same power level will be t, = 280°C and t, = 60°C at a coolant velocity of 100 m/sec. 


The thermal efficiency will be 21% in the first case, and 9.3% in the second, (Steam pressure of 12.5 
atinospheres andt..= 260°C), When energy used for pumping of coolant is considered, this energy being 
about twice as great in the first case as in the second, the thermal efficiencies of the installations will be 
correspondingly 15% and 7.0%, The data of the second example show that power reactors designed for maximum 
allowable limits of specific power, are more profitable than dual purpose reactors, since their thermal effi- 
ciencies, with gaseous coolants, are twice as great, In the case of reactors cooled by water or liquid metals, 
increasing the coolant temperature rise has no essential significance, since the available volume of coolant is 


ordinarily entirely sufficient for removal of even maximum quantities of heat at allowable coolant velocities © 
that do hot incur erosion, 
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THE YIELD OF U?85 FISSION PRODUCTS IN THE RARE-EARTH REGION 


V. K.,Gorshkov, R, N, Ivanov, G. M. Kukavadze, and I, A, Reformatsky 


Results are here described of the measurement of the yield of U*5-fission products 
by an integral mass-spectrometer method [1], which enables the simultaneous determina- 
tion of the concentrations of several elements in a mixture, With the help of the integral 
mass spectrometer method the measurement of La®®, and Pm™® yields was 
accomplished for the first time, On the basis of these data the absorption cross sections 


for Pm? and Sm™" are calculated, as well as the lower limit for the absorption cross 
section of Sm 


1, 


Method 


An exact knowledge of the yields of fission products and the absorption cross sections are important 
factors governing the choice of optimum working conditions of a power reactor, With this in view, work was 
carried out to study the yields of some fission products in the rare-earth region, 


The measurements were made with the help of an integral mass-spectrometer method, developed by one 
of the authors, for the determination of the composition of solid samples using a double-filament ion source [1], 


In this method the whole sample, placed in the ion source, is used up during the course of one experi- 
ment, while the ion currents, corresponding to the separate masses, are continuously registered and integrated 
over the period, The concentrations are determined by comparing the mass spectrogram obtained with a mass 
spectrogram of a standard mixture of the elements being investigated, 


Thus, the integral mass-spectrometer method enables, in one experiment, the simultaneous measurement 
of the relative composition of a sample containing several elements, The measurements can be made in a 
comparatively short time (for example, the present measurements were made during two weeks), 


The method developed enabled the yields of La®, Pr“! and Pm"? to be measured with a mass spectro- 
meter, To solve the same problem, for example, by the method of isotopic dilution is practically impossible, 
The development of the method and the measurements were made using a mass spectrograph with a resolving 
power of 1: 800, To check the determination of the isotopic composition of neodymium and cerium, the 
measurements were repeated with an MS-1 mass spectrometer, 


2. Specimen Preparation 


The uranium specimen, somewhat enriched with U™®, was irradiated by thermal neutrons in a reactor, 


For the solution of the problem presented, the fraction containing the rare-earth fission products was 
extracted from the specimen, Further, in view of the inadequate sensitivity when measuring with the mass 
spectrometer MS-1 and to increase the concentration of the rare-earth products, other elements were removed 
from this sample, The chemical treatment of the irradiated uranium was carried out after a 20-months* 
"cooling" of the specimen, The rare-earth fraction of the fission products was precipitated in the form of 
oxalates, The separation of yttrium was carried out by the precipitation of double sulfates, This could lead 
to a partial fractionating of the elements being investigated, however, this did not exceed the errors of measure- 


ment (this follows from a comparison of the experimental points obtained in the present work with the yield 
curve, see figure), . 
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Americium, oxidized with ammonium persulfate in a carbonate medium, was precipitated as potassium 
uranyltticarbonate [2], 


As the spectral analysis showed, the sample 
investigated containcd a quantity of extraneous 
elements — aluminum, iron, phosphorus, silicon and 
others, which got into the ‘sample from the reagents 
and also from the corrosion of the apparatus in which 
the treatment was done, 


8. Discussion of Results 


The final results of the mass-spectrometer 
measurements on the sample are given in Table 1, 
For comparison, mass-spectrometer data known in 
the literature, [3], are also given, 


Lanthanum, Praseodymium, Promethium, 
Samarium 


The increased La™® yield (see figure) is hard 
to explain on the basis of theoretical considerations, 
known in the literature, of the violation of the 
smoothness of the fission-yield curve [4], 


Fission yield, % 


At the present time the authors are working to 
increase the accuracy of this measurement, 


Of special interest are the yields connected 
+1 with the results = the mass-spectrometer deter- 
mination of Pm yield, hing peak 
eeiuniion M = 147, consisting of Pm’ and Sm*"', was divided 
up by taking into account the difference in sub- 
limation temperatures of samarium and promethium? 


Fission yield as a function of mass number, 
O — the newest mass-spectrometer data [3 

(3), Presumably the formation of the isotope Sm“? 
which were used to construct the yield curve; 


mainly occurs through the reaction 
— points obtained in the present work, 


—> Sm!!?, 


(a) 
while the presence of the isotope Sm™® js the result of a neutron capture by a nucleus of Sm 47 or a neutron 
absorption by a Pm 47 nucleus with subsequent electron emission: 

ny 
Sm147 —, Sm!48- 
ny B 


A significantly larger value obtained for the yield of M = 148, if this is taken to be the sum of 1.7% (from 


neodymium) and 0.6% (from samarium) (see figure), by comparison with the data given in the literature (1 8%) 
can serve as a confirmation of this scheme, 


The presence of Sm™*® cannot be explained by the contamination of the sample by natural samarium, as 


this would have led to the appearance in the mass spectrogram of 152 and 154 mass values, considerably more 
prominent than the 148 mass, 


’ The same method of dividing up *compound® peaks was applied to M = 148 (Nd M8 and Sm™*) and 
M = 150 (Nd**? and 
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ag} 44-4 
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The reactions considered give the reason for the very low concentration of Pm™7 in the sample, The 


absolute Pm™7 yield must be determined by the sum of relative concentrations of Pm“7, Sm and sm™* 


TABLE 1 


found by the measurements, 


The Concentration of the Rare-Earth Fission Products in the Sample and Their Yield 


Isotope and Isotope concentration Fission yield obtained in the present Fission yield according 

eee in the sample, % work, % to (3]* ,% 
8.24+0.8 8.2+40.8 Data not available 
Cel40 6.340.3 6.340.3 6.5 
Pris 5.6+0.3 5.640.3 Data not available 
Ce!#2 5.8-+0.2 5.8+0.2 5. 
5.10.2 5.8+0.2 6.1 
Ndi44 5.9+0.2 5.640.3 5.9 
Celt4 <0.3**) 6.2 
Ndl45 3.9+0.1 4.0+40.1 4.0 
3.2 *#*) 3.2 3.2 
1.10.2 2.9+0.4 Data not available 
Sm!47 1.6+0.2 
Nd48 1.7+0.1 1.7+0.14 1,7 
Sm148 0.6+40.1 
Pm! <0.03 **) 1.5+0,3 Data not available 
Nd150 0.7+0.1 0.70.1 
Sm!50 1.540.3 
Sm!5! <0.03 **) Fission yield was not calculated 
Sm152 0.340.1 because the experimental data 
Euls3 0.1 9999) were not sufficiently accurate 
Sm!54 <0.03 

*) Mass-spectrometer measurement, ***) Taken as the normalization point. 

**) Was not observed, ****) Single measurement, 


If N yg (t) and Nyg7(t) are the numbers of Nd M6 and Pm? atoms at a certain time, then 


N46 (t) = 


NysyfiarPty 
(Aiaz + ty 


Nya (t)= x [1 — (2) 


where and fz are the and yields; ©, the neutron flux; Ny, the number of atoms; 
U*® fission cross section; 447, the decay constant of Pm 147» the Pm #7 absorption cross 
section; ty, the sample irradiation time and t,—t, is the sample “cooling” time, 


Dividing one equation by the other, and taking the half life of Pm™7 to be 2.6 years [5], the Pm™? 
neutron-absorption cross section can be easily obtained: o yz = 90+ 20 barn, This value is not significantly 
different from the value of the activation cross section, Oa¢; = 60 + 20 barn, given in the literature, 


Starting from the nuclear reaction (b), the Sm™? absorption cross section can be calculated by forming 
the differential equation 


d 
+ ) (t) = (¢), (3) 


(1) 


where am is the Sm™ " absorption cross section; nsm (t) is the number of Sm 4 atoms at time t and 
NAIM (t) is the number of Pm™" atoms at time t. 


Solving Equation (3) together with a similar equation, for example, Equation (1), we get: 


oSm 1000 barns 


Neodymium 
The measurement of the isotopic composition of neodymium was made in a Aap thorough manner, 
The values of the Nd¥° and Nd™ absolute yields are given, taking into account the Nd™* absorption cross 
section, The values for the fission yields obtained are somewhat lower than those given in the literature (see 
Table 1), Possibly, this discrepancy would not exist if the errors of measurement were indicated in the literature, 


TABLE 2 


The Isotopic Composition of Neodymium (in Percent) 


Ndl44 | Ndl46 Ndlis Ndis0 Remarks 


18.84+-0.3 | 15.540.3 | 8.210.3 4.140.2 | Measurements with the mass 
spectrograph 


25 0401 | 28.540.2 | 18.840.1 | 15.3401 | 8.340.1 4.640,1 | Measurements with the mass 
spectrometer MS~1 


24.840.4 | 28.640.5 


The measurement of the neodymium isotopic composition with the mass spectrometer MS-1 confirmed 
the mass-spectrograph results within the limits of experimental error (apart from a small discrepancy in the 
value for M = 150) (Table 2), 


Cerium 


The mass-spectrometer and mass-spectrograph measurement showed that the sample mainly contains 
two isotopes — Ce™® and Ce — in the ratio 


= = 1,082 + 0.029. 


The absence of any visible quantity of the isotope Ce™ (half life 282 days [5]) is explained by its decay 


into Nd“*, 


A simple calculation shows that by the time measurements were made (measurements were made 3,1 
years after irradiation) the quantity of Ce could not be bigger than 0.3% (in relative units of M = 144 
absolute yield), In spite of the fact that this magnitude is less than the limits of accuracy of the M = 144 
yield measurement, the authors consider it advantageous to introduce this correction, 


Samarium 


The results of the measurement of the samarium isotopic composition with the mass spectrograph are 
given in Table 3, 


TABLE 3 
The Isotopic Composition of Samarium 


Isotopic mass 1417 148 150 152 
Composition, % 40 +3 15 +2 38 + 3 142 


v 
+ 
i 
\ 


From the data given it is not hard to calculate the lower limit for the Sm 49 absorption cross section, 
considering that the isotope Sm"? was mainly produced at the expense of Sm™*; 


n, 
hr 


Pm?!49 Sm?5, 


This assumption agrees well with the curve of the variation of fission yield with mass number, 


The simultaneous solution of equations, analogous to (1) and (2), for Nyg(t) and Nyg(t) gives the value 
for the lower limit of the thermal-neutron absorption cross section for Sm ue (0, = 58000 + 9000 barn) in 
good agreement with the value given in the literature (50000 + 20000 barn), 


As can be seen from Table 3, the errors of the isotopic composition of samarium arte large, At the 
present time work is being cartied out by the authors to increase the accuracy ‘of these data, 
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ANGLE AND ENERGY DISTRIBUTIONS OF FISSION NEUTRONS 


G. A, Bat and L, P, Kudrin 


Using the statistical model of the nucleus the angle distribution of fission neutrons is 
determined taking into account the anisotropy in the angle distribution of the fission frag- 
ments, The latter quantity is approximated by a simple expression of the form 1+ kcos ct, 


It is assumed that the neutrons are emitted isotropically in the coordinate system in 
which the fragment is at rest, 


Using U™® | a calculation is carried out to determine the values of P— the ratio of 


the intensity of fission neutrons emitted in the direction of the incident neutrons to that of 
neutrons emitted perpendicularly to the incident beam — at various energy values of the 
primary and secondary neutrons (in the region from 1 to 10 Mev), The mean value of P in 
fission in U® by neutrons characteristic of a fission spectrum is found to be approximately 
1,13, The energy spectra for fission neutrons at various primary-neutron energies are also 
obtained, The method of calculation can also be employed in investigations of the aniso- 
tropy of neutrons produced in fission of other nuclei, 


In studies of fission in heavy nuclei induced by neutrons it has been found that the fragment angle dis- 
tribution is not isotropic and that the fission-fragment anisotropy is related to the energy of the neutrons which 
induce fission [1, 2], Hence, it is reasonable to expect that the fission neutrons emitted from moving fragments 
also exhibit an angular anisotropy with respect to the direction of motion of the incident neutron, This aniso- 
tropy may be related to the energy of the neutrons which induce fission, 


L 


The relations which govern the emission of neutrons from fragments can be described in terms of a 
thermodynamic (statistical) model of the nucleus since the fragments are basically heavy nuclei, 


According to this model the fission neutrons are emitted isotropically with respect to angle in a system of . 
coordinates in which the fragment is at rest and have, in this coordinate system, the following energy spectrum 


n (2)~ee*/T, 
(1) 


where T is the fragment temperature after the emission of a neutron; the temperature is related to the excitation 
energy by the following expression 


The factor which multiplies the exponential in (1) has the form €0(€), where o(€) is the cross 


section for the production of the intermediate nucleus in the inverse process, For large €, o(€)~ const; 
for small values of this quantity, o (€) ~1/é Y2 ‘ 


a 
135 


| pul (2) 


The value of the constant k in various nuclei has been determined in a number of papers by comparison of 
the calculations carried out on the basis of the thermodynamic model with experimental results [3-5]. 


Using the energy spectra for fission neutrons, a quantity which is well known, it is possible to determine 
the excitation energy Ee. The fission-neutron spectrum which has been investigated most thoroughly is that 
of U* fission induced by thermal neutrons, 


If one chooses a value T(0) (the temperature of a fragment produced in thermal-neutron induced fission) 
which leads to agreement between the calculated energy spectrum and the experimental spectrum, the 
corresponding excitation energy is given by 


For a nucleus with mass A~ 120 for kK = 10 Mev? [2], we find T(0) = 0.75 Mev, E,(0)= 5.6 Mev, 
We shall use these values in calculating the fission-neutron spectrum in U™® inasmuch as the U™® nucleus 
and the U™® nucleus are very similar in terms of the statistical model. This method of determining ex- 
citation energy, which we suggest as being the most correct, may actually turn out to be rather inaccurate, 
Hence, we now estimate the quantity E, (0) from other considerations, 


In work by Leachman and Fong [2, 5], the total excitation energy of the fragments EY (0) prior to 
neutron emission is estimated as 20 Mev, This quantity can also be roughly estimated from the relation 


where E,jng is the neutron binding energy in the fragment; T is the temperature of the nucleus after emission 
of the neutrons; Ey ~< 2Ebind is the energy of the y -radiation, 


The binding energy Epjng has been calculated by Leachman [2] by means of the Weizsacker semi-empirical 
formula: 


Fo ~4—5 Mev, E,y~8Mev, v=2,9, 


bind oT Be. 


In this case Equation (4) yields Eg (0) ~ 20 Mev, a quantity which is in good agreement with the estimates 
given in [2] and [5], The total excitation energy of the fragments after emission of two neutrons is 


E,(0)~ (v— 2) (By 27) + By 10—11 Mev, 


while for one fragment it is 5-5.5 Mev. 


We also assume the following; 


1} The kinetic energy of the emitted neutron €9 goes completely into additional excitation of the 
fragments and not into increasing their kinetic energy; 


2) The excitation energy is distributed equally between the fragments regardless of the mass ratio. : 


On the basis of other considerations, particularly those based on thermodynamics, it follows that the con- 
version of kinetic energy of the emitted neutrons to energy of motion of the fragments is least probable since 
the excited nucleus is a system with a large number of degrees of freedom, It would seem that the validity of 


; 
(5) 


the first assumption is also supported by the experimentally observed increase in the average number of neutrons 
per fission event vy which is found to accompany an increase in €9, 


The second assumption is somewhat less fundamental, However: 


a) Experiments cartied out by Fraser [6] indicate the existence of a preferential emission of neutrons 
from the light fragments, which is an indication of equal “heating” of the fragments; 


b) Starting from this assumption, Leachman [2] has obtained good agreement with the experimental 
ratio for the probability of emission of one, two, three or more neutrons by the excited fragments, 


Finally, we may note that the results of the calculation presented below are only weakly dependent on 
the distribution between the fragments of that fraction of the excitation energy which is due to the kinetic 
energy of the emitted neutron, We shall assume that this energy is also divided equally between the fragments, 


Using these assumptions, the fragment temperature for a given energy of the emitted neutron €9 is de- 
termined from the expression 


The fragment angle distribution is not isotropic and can be approximated by the expression 


k=k(e), (7) 


where €9 is the energy of the emitted neutron; a is the angle between the direction of motion of the neutron 
which induces fission and the direction of motion of the fragment,* The values of the coefficient k can be 
obtained from the experimental curve given in [4], 


Let the z-axis (Fig. 1) coincide with the direction of motion of a neutron with energy €9 which induces 
fission in a U™* nucleus while the angles & and 9 denote the direction of motion of the fragment and neutron 
Tespectively, 


Within a numerical factor the probability that the fission neutron is emitted in the element of solid angle 
in the direction 8 can be written in the form 
 X(a)sina da-f (6) sin de, 


=const 


Inasmuch as 


cos 9 =cosa-cos8 + sing-sinB cos 9, 


cosa =cos$-cos sinB-sin8cos®, 


the Jacobian 


dcos dcos 
dcosB dg 

d.cos 8 dg 


A more exact approximation is given by the expression [7]; X(%)=1+ ky cos* a + k,cos*a, However, 


the use of Equation (7) introduces no significant errors in our results, 
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Then the function ¥(6) assumes the form 


W(B)~ 


to 
own" 


dy \ [X (a) (0)]da, 
(11) 


where f(@) is the angle distribution of fission neutrons with respect to a fixed direction of fragment motion, 


It follows from the statistical model of the nucleus that the angle distribution of the neutrons is isotropic 
in the coordinate system in which the fragment is at rest, Hence, in the laboratory coordinate system neutrons 
emitted by the fragment will have the following angle distribution [6]: 


144+c?cos20\. 


where vp is the fragment velocity; v‘ is the velocity of the fission neutron in the coordinate system in which 

the fragment is atrest, The + signs arise physically because of the fact that in the case c > 1, that is, when 
the fragment velocity exceeds the neutron velocity 
in the coordinate system in which the fragment is 

z at rest, a given energy € corresponds to two values 

of the energy E in the laboratory coordinate system 


Fragment Neutron and, at a given angle, these neutrons can have two 
, different emission probabilities, 
Hn? Using Equation (1), the energy and angle. 
distributions of fission neutrons emitted from one 
eg fragment, at a fixed temperature T, can be written 
a} in the form 


2n 
Wr, de x 


Fig. 1, Relations between the angles a, 6, 9, 


and &, 


where k= k(T), [! = cos Mecos B + sin & sin B cos ¢ and r_ is determined from the relation 


(14) 


In this case the energy of the fission neutron in the laboratory coordinate system,E, is related to the energy of 
the fission neutron in the coordinate system in which the fragment is at rest,e ,by the relation 


(15) 


The fission-neutron angle distribution is made up of the angle distributions of neutrons emitted from the 
first and second fragments; 


~ 

x \ da { (1 +k cos*a) sina 

Ve 
| | 
| 


W= (7,) + (16) 


where r, and rg denote the velocities of the first and second fragments respectively, The indices 1 and 2 on 
the function ¥ take into account the fact that, in general, at a given energy of the emitted neutron €9 the 
temperatures of the fragments will be different if the masses are different, 


Carrying out the integration over & in Equation (13) and making several transformations (see Appendix) 
it can be shown that 


cos*B, (17) 


The function ¥, is determined by Equations (17) and (18) if the index 1 for the parameters T and r is re- 
placed by the index 2, 


Equation (17) can be written in the form 


W,~C,+ B, cos? B (19) 


or, using Legendre polynomials 


tP, (cos B) + (cos), 


n= k/3(31,—J,). 


If the energy of the neutrons which induce fission is held fixed, the energy spectrum of the fission neutrons is 
obtained by integrating the function ¥ over the solid angle %, 


Nr(E)~ dQ, = (C +B cos*B)d2, ~ C +.B/3, 
83 


where =C,+C,, B=By,+Bg. 


Equation (20) depends on the energy of the neutrons which induce fission through the fragment tempera- 
ture T, 


' The fragment temperature T {s related to the energy of the incident neutron €) by Equation (6), The 


temperature values for different €) calculated for fission of a nucleus into two equal fragments with mass 
number A are given in Table 1, 


where | 
VEtr 
VE-r 
q 
VE-r 
— 
where | 
4 739 | 


It should be noted that the results of the calculation at €g = 10 Mev may be less reliable than those 
which pertain to smaller energies since at €) ~ 10 Mev neutron emission prior to fission is possible, 


TABLE . The integrals 1, and I, [see Equation 
(18) ] were calculated on a TsEm-1 electronic 
computer for the temperature values indicated 

r}€9,Mev | Q 2 4 6 10 in Table 1 for three values of the quantity r 
— which characterizes the fragment velocity: 
A=120 ry = 0.684, rg = 0.998, rg = 0.815, in which 
x— 40 | 7,Mev|0.75]0.80| 0.85 | 0.93 | 1.06 ry and rg pertain to the case of fission of 

the U™® nucleus into fragments with mass 


Ay = 141 and A, = 98 while rg pertains to 
the case of fission into two almost equal 
fragments Ay ~ Ag = 120, 


The values of the integrals 1; and I, are given in Table 2, 


TABLE 2 


Ie 


2.9240| 6.627 | 2.676 | 6.211 | 2.462 | 5.835 | 2 172 | 5.302 | 1.845 | 4.613 
2.340 | 4.604 | 2.226 | 4.509 | 2.119 | 4.407 | 1.960 | 4.237 | 1.731 | 3.863 
1.447 | 2.593 | 1/444 | 2,664 | 1.433 | 2.716 | 1.402 | 2.770 | 1.296 | 2.650 A=144 
0.3491 | 0 ).3901 | 0.6399] 0.4278 | 0.7199} 0.4805] 0.7549} 0.4956 | 0.8980 r,==0.684 
0.0667 | 0.1000} 0.0840 | 0.1290] 0.1024] 0.1609} 0.1330] 0.2168] 0.1542) 0,2595 
0.0037 | 0.0053 | 0.0058 | 0.0085 | 0.0086 | 0.0126] 0.0141 | 0.0215] 0.0199] 0.0311 


2 | 3.655 | 6 412 | 3.390 | 5.824 | 3.153 | 5.552 | 2.823 | 5.165 | 2.426 | 4.592 

3 | 2.633 | 4.068 | 2.523 | 3.998 | 2.415 | 3.920 | 2.251 | 3.792 | 1,997 |°3.480 A=98 
5 | 0.9089] 1.273 | 0.9504] 1.360 | 0.9828) 1.435 | 1.019 | 1.538 | 0,9850) 1.632 ‘ —0 998 
7 | 0.2367] 0.3147] 0.2730] 0.3698 0.3080] 0.4248} 0.3600] 0.5110 | 0.3834] 0.5589 

0 | 0.0209] 0.0264} 0.0285] 0.0368} 0.0373 | 0.0487 | 0.0534 


4 | 3,649 | 7.387 | 3.293 | 6.885 | 3,009 | 6.438 | 2.633 | 5.813 | 2.222 | 5.036 

2 | 2.843 | 5.165 | 2.658 | 4,993 | 2.500 | 4.825 | 2.275 | 4.569 | 1.982 | 4.118 

3 44.8619 | 3.4152 | 4.851 | 3.173 | 1.806 | 3.479 | 1.727. | 3-163: | 2-974 A=120 
5 | 0.5325} 0.790] 0.5778 | 0.8854] 0.6172] 0.9684] 0.6687] 1 088 | 0.6699) 1,127 rg=0.815 
7 | 0.4159} 0.1635} 0.1405 | 0.2025] 0.1655] 0.2436] 0.2054] 0 3118] 0.2292] 0.3593 
10 | 0.0079} 0.0107} 0.0116] 0.0159 | 0.0162] 0.0225] 0.0252] 0.0358} 0.0336 | 0.0422 


As has been shown in the preceding section, ¥ = Wy + ¥2. If we compare the quantities 


21 
K (r, = 0,815) 


Ty (ri) + (r2) 
J 41071) + 41 (72), 
{i (71) + 


for a fixed value of the temperature T, Table 2 reveals a discrepancy, However, the fragment temperatures 
characteristic of fission into two unequal parts differ from the values given in Table 1, If it is assumed that 
the excitation energy is distributed equally between the fragments, the temperatures of the heavy fragments 
and the light fragments can be calculated from Equation (6), Fragment temperatures calculated in this way 
for several values of the energy of the neutrons which induce fission are given in Table 3, 


E T—0.75 T=-0.80 T=0.85 T=0.93 T=1.06 
; Mev | h | nh | 

740 


K=-L 
K 


An important result follows from the above: the angle and energy distributions of the fission neutrons 
depend only weakly on the mass distributions of the fragments, Hence, it is possible to obtain an estimate of 


the angular anisotropy and the energy spectra of the fission neutrons by making use of the results of the solution 
of the problem for the case of fission into two equal fragments, 


If the temperature corrections given in Table 3 are included, we find 


< 1%, 


In this case the indices in Equation (19) can be omitted and it is written in the form 


W~C Bcos?B. 


We determine the magnitude of the angular anisotropy for-the fission neutrons P+ 


C+B 
P = (90°) (22) 


In Table 4 are shown the calculated values of the anisotropy P(E, €9) for several values of the energy of the 
fission neutrons E and the energy of the incident neutron €), 


TABLE 3 TABLE 4 


1= 8 
740.998] 7, Mev|0.84}0.91] 0.98 | 1.04 4.44 4 4.41 | 1.04 1.08 | 4.09 
2 1.16 | 1.05 | 4.44 | 1.13 
3 4.201 1.08 | 4.446 2.497 
5 er 1.19 
= 7 ‘ 10 | 1.23 | 1,28 
w= 11 | T, Mev|0.72|0.78)] 0.84 | 0.89 | 0.98 10 4.35 | 1.13 | 4.25 | 1.33 


The anisotropy increases monotonically with 
increasing fission-neutron energy and reaches a 
value of 1.35 at E= 10 Mev, 


In Fig, 2 is shown the dependence of the 
anisotropy of neutrons characteristic of a fission 
spectrum, averaged over the region E > 1 Mev, as 


tS a function of the energy €9. 


et | It is interesting to estimate the magnitude of 
en the anisotropy P averaged over the energy of the 
fission neutrons in the case in which fission is induced 
by neutrons characteristic of a fission spectrum f(€ 9), 


110 
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The neutron angle distribution can be written as: 


co 


9(B)~ \ \ T (eo)] f (20) de deg. 


(23) 
Fig, 2, The anisotropy P, averaged over the 


fission-neutron spectrum, as a function of the 
energy of the incident neutron, 


p 
= 
Mey 
ay 


Calculations show that P = = 1,13, 
(90°) 
The magnitude of P calculated in this way does not take into account the dependence of the fission 


cross section in U™® as a function of the energy of the incident neutron, When this dependence is taken into 
account the fission-neutron angle distribution assumes the form 


0 


(24) 


€ 
where W(€9) = 4 = is the ratio of the fission cross section to the total neutron cross section for U™® (8). 
OF (So 


The functions W(€9) and f(€9) are normalized to unity, A computation of the quantity Py = 82 
i 
yields the value 1,12, 


In Fig, 3 are shown the fission-neutron energy distributions calculated for various values of incident- 


neutron energy, The spectra are plotted on a logarithmic scale, It is apparent from Fig, 3 that the energy 


spectra of the fission neutrons are sensitive to the energy of the incident neutron but that the differences in 
the spectra €9 are small, 


103 


, relative units 


7 
£.Mev 


Fig. 3, Energy spectra for fission neutrons, € 9) Energy of the neutron inducing fission; 
) results of the calculation in the present work; ) results of a calcula- 


tion by Leachman; ) experimental data for € 0 [9]. 
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In Fig, 3 are also shown the experimental points for fission induced by thermal neutrons (€9 = 0) and the 
results of calculations by Leachman [2] for €g equal to 0 or 3 Mev, It would seem that the method of cal- 


culation and the choice of parameters suggested in the present paper give a better fit to the experimental data 
obtained in (9] than the method and parameters used by Leachman, 


In the calculation which has been carried out above it is assumed that each fragment emits one neutron, 
However, even for fission in U™5 induced by thermal neutrons the average number of neutrons per fission event 
is D ~2.5, Furthermore, it appears that v increases with increasing €9 [2], 


We now make a rough estimate of the change required in the expressions obtained above for the energy 
distributions if one assumes that one of the fragments emits one neutron while the other emits two (in succession), 
The spectrum of the "second" neutrons should be softer than the spectrum of the "first" neutrons since the 
emission of the first neutron by the fragment implies the loss of a considerable part of the excitation energy. 


At small fragment excitations it is doubtful that the statistical model can be applied, At small neutron 
velocities v' , in the coordinate system in which the fragment is at rest the neutron width is 


r,~o’. (25): 


We shall assume that Equation (25) is valid for €2 < 1 Mev, [Strictly speaking, Equation (25) is valid 
only when €2 ¢ 0.3 Mev), Then, the probability for emission of a second neutron with energy €2 is 


W (e,) ~ ( V F (Ec) f (2,) dE 
v’=const 


(26) 


where v' ~ Ve, ~ VEg— €;—2Ebing, Ee is the excitation energy of the fragment for a given value of 
€y, € is the kinetic energy of the first neutron, Epjnq is the mean neutron binding energy in the fragment, 


F(Ee), f£(€) are the distribution functions for E, and €,, respectively, The function F(E,) has been cal- 


culated in (2] while f(€,) ~ €,e 7” , where T, is the temperature of the fragment after the emission of 
the first neutron, 


T. 
Equation (26) for W(€,) is matched with the expression W(€,) ~ €2e 2 at €,.=,0,8 Mev, since the 


relation in (25) is not satisfied at large €,, For €9 = 4 Mev (T = 0.85 Mev), the probability W(€,) is given 
approximately by the expression 


W (2,)~ 


(27) 


where 9 is a dummy temperature taken as 0,8 Mev, 


In the preceding solution, at €) = 2 Mev the temperature T was assumed to be 0,80 Mev so that it is 
clear that part of the energy spectrum due to the second neutron coincides, in the laboratory coordinate system, 
with the energy spectrum for €) = 2 Mev shown in Fig, 3, 


In this case the total spectrum, due to all three neutrons differs, at €y = 4 Mev, from that shown in Fig, 3 
by less than 7%, We wish to emphasize once again the approximate nature of the estimate which has been 
made of the effect of successive neutron emission on the energy spectrum for fission neutrons, In [10], it has 
been shown that the fission neutron spectra in U® and Pu, in fission induced by thermal neutrons, agree 
within the limits of the experimental errors, Since the values of p in U™® and Pu™® differ considerably, 


this agreement also seems to indicate that the effect of successive emission of neutrons on the energy spectrum 
is weak, 


In conclusion the authors wish to thank V, K, Sauleva for setting up the program for the electronic computer, 
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APPENDIX 


Calculation of VT (6, E) 


A general expression for ¥ is given in Equation (13), 


The neutron energy in the fragment coordinate system € is reJated to the fission neutron energy in the 
laboratory coordinate system E by the expression 


E 2 
(28) 


If we make a substitution of variables y= V€, the function ¥ is written in the form 


\ da (1 +k cos? a) sina x 


VE tr°—2r V Ecos (2+8) 
dy 
V 4Er* sin? a-sin? 8 


’ 
—(y?— E—r? + 2r VE cos a-cos 3)? 


Vv E tr?—2r VE cos (a—f) 


v2 


we 


where f(y)= E+ y—r 


In Equation (12) when c < 1 the plus sign must be used, This condition corresponds to the region of 
fission-neutron energy E > 4 r?, It can be shown that for E> r? and c > 1, in Equation (12) the plus sign 
must still be used, The remaining calcilation of the function ¥ is carried out only for energies E > , 
since the region E < 1 Mev was not investigated in the present work, 


The function ¥ can be written in the form 


+ Vy + 


V V Ecos 
\ tly) dy x ( fa (a) da, 
V E-r 


V £4+1242r V Ecos 8 
f(y) dy x 
V E+r2~-2r V E cos 


V E+r 
V E+r242r V Ecos 8 


7 2 
where 
y2—E-—r2 
arc cos ( VE ) +8 
4 
arc 00s | ~ } -6 
( 2rVE G1) 
\ 
| 3 y2—E-—r2 
| 
| 


(1 + k cos? a) sina 
[4Er? sin? a- sin? 8—(y2— E—r? + 2r V E cos a-cos 8)" (32) 


Integration of (31) leads to the following expression for ¥: 


VE+r 
® 2k + k sin® [4r°E —3 (y2—E—r?) + 
V ~ 7+ dy, (33) 
ve y>+E—r 
E-r 


which is easily reduced to the integral in (18), Calculation of a function ¥ for the energy region E < r? is 
not very difficult, 


However, it was the purpose of the present work to obtain the characteristics of that part of the spectrum 


due to neutrons which are capable of producing further fission in the U™*-nucleus, hence, the region of small 
E was not considered, 
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ON TUE DISTRIBUTION OF NEUTRONS IN MEDIA WITH GIVEN PROPERTIES 
AND A CYLINDRICAL PARTITION 


A, E, Glauberman and I, Il, Talyansky 


The cylindrically symmetric problem concerning the neutron distribution from a point 
source in a medium which is divided into two regions with different neutron properties is 
solved, The calculation is made in the two-group approximation, using the method of 
fictitious neutron sources on the boundary between the two media, Expressions are obtained 
for the fluxes of fast and slow neutrons in both media, 


In developing the theory of neutron bore-hole testing and in some other applications the need arises to 


solve the problem of the distribution of thermal neutrons in a medium with varying properties and a point 
source of fast neutrons, 


We will consider two media, divided by an infinite circular cylinder of radius R, Let the media have 
different neutron properties and contain light elements (not heavier than iron), including hydrogen, On the 


cylinder axis there is a point source of fast neutrons, Let us determine the spatial distribution of fast and 
thermal neutrons in both media, 


To find the spatial distribution of thermal neutrons it is necessary to consider the slowing down of 
neutrons to thermal energy and also the diffusion of the thermal neutrons formed, 


Since we are investigating media containing hydrogen, the group theory with a small number of groups 
is a satisfactory approximation, We will solve the problem, limiting ourselves to investigating two neutron 
groups; fast and thermal, Within each group the neutron distribution in the medium is described by the 
diffusion equation, The diffusion approximation is applicable to the case of hydrogen-bearing media with 


small neutron-flux gradients if we use diffusion coefficients which take into account the neutron-scattering 
anisotropies [1, 2]. 


We will denote all quantities, referring to the fast-neutron group, by the index 1 (first group), and those 
referring to the thermal-neutron group by the index 2 (second group), D, and Dz will denote the average 


diffusion coefficients, LZ, the macroscopic absorption cross section for thermal neutrons (we neglect the ab- 
sorption of fast neutrons), 


By definition 


02No, (1) 


where G2 is the thermal-neutron absorption cross section and Ng is the number of nuclei per cm? of the 
medium, 


The “slowing-down cross section” for fast neutrons will be denoted by £,. This quantity is determined 
in the following manner, Let ¢ be the neutron flux for the first group, Then, by definition, Ly, is the 
number of neutrons going over from the first group into the second (per cm® per second), Consequently, 
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where E, is the average macroscopic scattering cross section for neutrons of the first group; — is the average 
logarithmic energy loss in one collision; Ey is the energy of the fast neutrons and E~ is the thermal-neutron 
energy. 


Let the fast neutron source, at the origin of the coordinate system, emit N neutrons per sec, 4c be the 
' fast-neutron flux inside the cylinder, ,, the fast-neutron flux outside the cylinder, %2¢, the thermal-neutron 
flux inside the cylinder and ¢2,;, the thermal-neutron flux outside the cylinder, The presence of the partition 
will be taken into account by the introduction of several fictitious sources, having densities pc, pfr, pic, 
pir, placed on the boundary, 


The equations giving the neutron fluxes for the first and second groups, in the media c and r , can be 
written in the form 


Dy — NG (r) + D,, 4xpy, = 0, (3) 

Dy AQ — + D,, = 0, (4) 
Dy — Lar + D,, = 0, (6) 


where pic (pyc) is the density of sources giving fast (slow) neutrons reflected at the boundary into the cylinder 
and py; (pir) is the source density giving fast (slow) neutrons which have traversed the boundary into the second 
medium, The form of these functions is determined by the boundary conditions, 


Let us divide Equation (3) by Dyc, Equation (4) by Dyr, Equation (5) by Dy, Equation (6) by Dzy and 
introduce the symbols; 


Then Equations (3) - (6) can be written in the form: 


— = — — 

— = — — 


where 


4 


Por = 


Pic is the fast-neutron source density; pyc and por are the source densities of aneee: neutrons in the media 
ce andr, 


ii 
ied, 2: j 

Dec Dor Dye 
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Fast neutrons slowed down (per cm? per sec) to thermal values of the energy are the sources of thermal 
neutrons, 


The linearity of Equations (7) - (9) enables the total flux ¢ to be expressed as the sum of two terms 


6+ 9%, 


(12) 


where © is the flux of neutrons produced by the real sources and ©° is that of neutrons produced by the 
fictitious sources, 


The equations giving @ and $° have the form: 


A®,, = — (13) 
A®,, — xj,0,, =0, (14) 


A®,, — = —Anp,,, (15) 
A®,, —xj,P,,= — 4xp,,, (16) 
AD?, — = (17) 
Abt, — —Anp®, (18) 
ADS, — x3, = — 4np}., (19) 


For the solution of these equations we will introduce cylindrical coordinates, We introduce the symbol; 


Li (j=c, r; i=1,2). 


Then the solution of Equation (13) can be written symbolically as 


®,, (7, 2)= Pic (r, 2), (21) 


where L™ is determined from the condition zL™'p = p. Using the equality 6(f) = a &(r) 5(z), 
from Equation (11), we obtain: | 


2) = Q (2). 
Further, let us use the following integral representations for the function 6: 
a(r)=r \ kJ, (kr) dk, 
0 


= en? dn, 


is the Bessel function, Then 


749 


pic 


We can see that (22) is valid if we apply to this equation the operator and use the relation 


e2 
) Jo (kr) = —k°J, (hr). 


Substituting Expression (22) into (21), we get; 


The integral with respect to k is equal to 


bee] 
where Kg is the Bessel function and {4¢ = v1? + kic ° 


Thus 4. (rt, z) can be written as 


—xy¢ Vr2428 


Thus, we have found the flux inside the cylinder of fast neutrons produced by the fast-neutron source, 
Outside the cylinder there are no sources of fast neutrons (pyr (t,z)= 0), amd therefore 4, (r,z) = 0 


Let us now find the additional fluxes of fast neutrons, Sf, and fy, determined by the presence of the 
boundary, Because the fictitious sources, introduced above, are situated on the division line between the two 
media, then pjc(t,z) and pj, (rt, z) can be written in the form 


pir (r, 2) = Bu (2) (25) 


where 6 11 (2) are unknown functions which are determined by the boundary conditions, Substituting (25) into 
(17) and (18) and expressing 6 (f— R) in terms of the Bessel function 


b(r—R)= (KR) dk, 


7 (22) 
(23) 
| 
Q © 

J ( k r) 

(r, 

1c ( ’ ) k ke + 42 dk dx. 

1c 
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(r, 2) = — (2) (kR) J, (ker) dk 


(t=se, r). 


Let us express Byz (z) as a Fourier integral 


(27) 


(r, 2) =+ Jo (KR) Jo (kr) dk | ef? (n).dy 


+ x4, 


(Z=c, r). 


The evaluation of the integral with respect to k gives: * 


oc 


(r, 2)=+ Ky (Gur) fru (a) da. 


(l=c, r), 


where 


tue (l=c; 7). 


‘Using (24) and (29), we obtain from (12) 


gir =e Ko Cur) Zo (32) 


The unknown functions f,_(n) and fyp(n) are determined from the continuity conditions for the neutron 
fluxes and the resultant flux densities normal to the boundary: ° 


Pic (R, 2) = Pir (R, 2), 


(7, 2) (7, 2) 3 
Dy. ar D,, (33) 


° See, for example [3], 


Then 
(28) 
(29) 
(30). 


Substituting Equations (31) and (32) into (33) and solving the resulting system of equations with respect to the 
functions fy¢(n) and fy we get 


Ko (Cickt) Ko (Kardt) + Darbirlo ka 


fie (1) = Dy Ko ky (Crd?) — Dikarks (Cir) Ko (Sie) 
lc 


Die 34 
hy (a)= To [Dicerela Ko (Girt) + Darkarlo ky 


Then the final expressions for the fast-neutron fluxes inside and outside the cylinder will take the form 


ar = Ko (Gyr) (36) 
where 
A (i) = Is Ko Ka Gre)’ 
Dic 
= Gach) Ko Galt) + Darbirlo Gach) Ki (38) 


For the determination of the thermal-neutron fluxes let us proceed to the solution of Equations (15), (16), 
(19) and (20), 


Let us first solve Equations (15) and (16), With the help of Expressions (11), (35), and (36), they can be 
written in the form 


L*®,, 


The solutions of Equations (39) are: 


Do, (7, 2) = aw, \ [Kg (Cir) +A (0) 


4 
D,,(7, 2) = x ay B (9) Ko (&,7) ent dn, (41) 
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r 2) (ar), 


as can be easily seen by applying the operator 2° to Expression (40) and 1" to (41) and using the equalities 


We will solve Equations (19) and (20) next, Making a transformation, similar to that used in the solution 


of Equations (17) and (18), we find the solution looked for: 
D3 (r, 2) =+ \ Ky fox (n) 
( me, r), 
by (30). 


According to (11) the total fluxes of thermal neutrons inside and outside the cylinder are 


Par (7 2) E- B (1) Ky (0) Kg o (Carl) | elt? dy. 


The boundary conditions for g have the form 


Pee (R, z) = Por Z), 


(7, z) Ofer (r, 2) 


or 


mination of fgc(n) and f2¢(n), solving which we find; 


foe(n) = Dz [Ay (4)— By — Ba [er (n)— Di 
” (9) Bz (n)— Ag (n) Da 

for (0) = (9) [Ai (4) — By —Aa (9) [er (Q)— Di 
(4) Bs (4) — Ag Da (9) 


where f,7(n) is an unknown function, which is to be found from the boundary conditions, and {27 are defined 


Poe (rs {2 [Kg Gir) + Lo + Ko (Cool?) dn, 


Substituting Expressions (42) and (43) into (44), we will obtain a system of two equations for the deter- 


(42) 


(43) 


(44) 


(45) 
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+A(n) 
A,(4)=K ) (GA), 


By (4) = 2 = -B (n) (6,2), 
By (1) = Kg 1 o 


2c 


(46) 


Using the abbreviations 


hoc (n) Ky Fu (n), 
her (n) I, (C,,Jt) F,, (4) 


and taking into account that in the expressions for Yg¢ and gy the exponential eiNZ jg multiplied by an 
even function of 7, we write Expressions (42) and (43) in the form 


x 4+ Poe (0) Lo } cos 


(48) 


2) \ Co (Cast) + Fay (1) Ko cos 
0 


Yic ANd yr can be written down in a similar way, Equations (47) and (48), together with (45), (46), (37), 
(38) and (39) give the distribution of thermal neutrons over the whole space, 


The results obtained can be used to develop a theory of the neutron bore-hole testing and the deter- 
mination of the moisture content of soil by a neutron method, 
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THE USE OF SPECIAL APPARATUS FOR RAPID ANALYSIS 
OF ORE PRODUCTION THROUGH y-RADIATION 


L. N. Posik and I, M, Tenenbaum 


RCS installations (radiometer, control, stationary) are widely used for operational - 
determination of quantity and quality of dug ores and commercial yield in various con- 
veyances, (carts, auto-trucks, boxes) and also for isolation of uranium rich broken raw 
ore, fill material, and dumped rock, This article gives the characteristics of these in- 


stallations, describes the mine and geological conditions for their use and the problems 
that can be solved with their aid, 


‘ For purposes of rational adaptation of RCS-1 and RCS-2 installations to operational 
determination of excavation yield, evaluation of commercial yield, campaign against 
metal loss and impoverishment of ore, all mining enterprizes may be divided into two 


groups; 1) with gross extraction of ore; 2) with predominantly selective extraction of 
ore, 


At mining enterprizes utilizing gross extraction, all the operational determination of 
produced and commercially useful ore is based on rapid y -analysis of the entire cut stock 
in mine carts and trucks, by RCS-2 installations, When selective extraction is used, post 
excavation determination of ore yield is done with RCS-1 installations, This determination 
is the basis for yield testing of hydrothermal vein sources with low capacity but rich ore 


bodies, Rapid analysis of rich commercial ores also is done with installations of the RCS-1 
type. 


RCS-2 installations make it possible not only to determine operationally the activity 
in ore and rock in individual containers, but also to effect full automation of handling work 
for removal, sorting and unloading of mine carts with broken raw ore, 


In the processes of prospecting for and exploiting uranium and thorium deposits, to combat losses of 
metal and to calculate reserves, it is essential to determine, during operations, the metal content in dug ores 
and in test samples of various weights taken from prospecting diggings and from fill material, and to maintain 


control over the entire production of raw ore, To the solution of these problems radiometric measurements 
are being applied successfully, 


In the year 1946, Professor V, I, Baranov [1] described a method for testing of ores in bins by means of 
an ionizing y electrometer, However, because of its low productivity this method did not find wide practical 
application, Since the years 1946-1947 for similar measurements, the field y radiometers (VIRG, PR-5, UR-4) 
have been used, With these sets it is necessary to take readings at many points along the surface or the sides 
of the conveyance containing the controlled material, thus consuming a great deal of time, With this method 
the absence of absolute identity of conditions for measuring various test samples, and the necessity for supple- 
mentary manipulation of data to obtain an average of the series of readings, unavoidably results in poor accuracy 
of measurement, The unsatisfactory linearity and resolution of field radiometers also fundamentally decreases 
the accuracy of measurements, For this reason the use of field radiometers is feasible only for small scale 
mining, which does not demand high productivity and accuracy of measurements, 


155 


In 1947-1948 for solution of the problem of rapid y analysis on a mass scale at large mining projects, 
we created the first special RCS installations and developed the methods for their utilization, Since 1951 
industry has been mass producing RCS installations; since 1956 the production of more perfected models is 
being readied, 


The general design principle of these installations is the provision for a single and most representative 
measurement of the entire volume of raw ore, To accomplish this the sensor of y-radiation, consisting of 
several cells is placed around two or three sides of the form containing the material to be measured; the 
detectors utilize Geiger counters of various types or special ionization chambers, The dimensions and geometry 
of the sensors are determined by the size and form of standard conveyances, that are used at various stages of 
the mining sequence — mine carts, auto-trucks, bins, etc, In conformance with this, two basic versions of the 
apparatus were created; RCS-1 and RCS-2, 


RCS-1 installations are intended for rapid analysis of rich ores and averaged test samples in a small 
standard tare of varying forms, containing up to 100 kg of active material, The set shown in Fig, 1 is made 
up of the following basic units; 1) control panel with power source and amplification — measuring arrange- 
ment; 2) sensor of y-radiation, consisting of two cells with a group of MS-9 counters, 


| 


Fig. 1, General view of RCS~1 installation, 


The installation is used in one of two basic versions: 


a).For measurement of rich ores and concentrates; in this case cells are kept 10-30 cm away from the 
ore containers, However, best results are obtained for these ores with installations using ionization sensors, 


b) For rapid analysis of various averaged test batches; this requires a maximum sensitivity of measure- 
ment, for which the cells are installed with a minimum gap, 


RCS-2 installations are used for mass control and rapid analysis of active material in mine carts and 
auto-trucks, A block diagram and general view of the RCS-2 installation are shown in Figs, 2 and 3; the sensor 
consists of two cells of large dimensions, containing a group of counters of the MS-9 type. 


In contrast to the common methods of total analysis, associated with mechanical processing of the 
material, y rapid analyses allow the determination of ore quality in operation, with the preservation of the 
ore's mine face identity (level, block, face, date and shift), The entire raw mine output is analyzed, and not 
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just part of it, which fundamentally improves the accuracy of obtained results, These important advantages 
allow the wide use of rapid analyses for solution of problems that cannot be solved when test samples are 
mechanically worked: the determination of production per shift and per excavation; operational detection 


of impoverishment of ore and enrichment of fill material; the operational control of processes of gravitational 
and radiometric enrichment, and a series of others, 
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Fig. 2, Block diagram of RCS-2 installation, 


The feasibility of utilization of RCS installations is basically determined by the system used to exploré 
‘ and exploit the mineral deposit, by the magnitude of the mining enterprise, by the character of the ore 
deposit and the number of varieties of raw ore, 


From this standpoint it is possible to divide all 
uranium deposits into two groups: 


1) Deposits that are worked predominantly 
by selective extraction of rich ores and the con- 
current extraction of significant quantities of 
poor ores; 


2) Deposits that are worked by gross ex- 
traction of significant quantities of poor 
commercial and marginal ores, 


At deposits of the first group the:rapid 
analyses of RCS-1 installations are widely used 
for solution of practical problems; 


1) Estimation of metal reserves deeper in 
the earth, based on rapid analysis of the ore 
obtained from diggings surrounding a mine block 
("in work" method of estimation of reserves), 
Concurrently a statistical determination of 
probable individual mine block productivity is 
made, 


Fig, 3, General view of RCS-2 installation, The accuracy of estimation of reserves is 


checked by comparison of actual yield obtained 
from individual mine blocks, ore bodies, and 
entire deposit, with the calculated yields, actual yield being derived from rapid analyses of all ores coming 


from the mine faces, A statistical analysis of these quantities allows the generation of reliable corrective co- 


efficients, that account for the peculiarities of the ore deposit, for further improvement of the accuracy of 
estimation of reserves; 


2) Operational determination of yield per shift, per day, per ten days; 


Sensor Instrument panel eee 
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3) Rapid analyses of various test samples; 


4) Sorting of ore filled containers by quality for preparation of averaged samples that are, after un- 
loading, sent to total analysis control tests; 


5) Control of waste material, resulting from ne of mined ore, 


Control of the entire raw ore output with | 
the aid of the RCS-2, is done to obtain solutions 
to the following problems; 


1) Separation of ore from rock to forestall 
losses and impoverishment in transportation by 
ore chutes and in extraction of raw ore by boil- 
up lifts; 


wy 
*< 


2) Ensurance of maximum lost metal 
recovery from surfaced raw ore and foundation 
material, For this, mine carts with active rock 
are separated to proceed to radiometric enrich- 
ment and processing; 


3) Quantitative rapid analysis of poor 
commercial ore, obtained from fill material and 
from sorting of raw ore at the surface, 


For deposits of the second group, the use 
RCS-2 installati t 
Fig. 4. Monitoring of ore in mine carts by means of merpaientins —— 
significance under the following forms of 
of RCS-2 installation, 
measurements; 


1) Separation of ore from rock; 


2) Post excavation rapid analyses of all dug ores, at the surface, for separation by types and deter- 
mination of metal content in individual mine carts; 


3) Rapid analysis of commercial ore or of the products of initial separation of raw ore, that are in 
auto-trucks, Through these rapid analyses the quality of all extracted ores may be determined both in process 
and at excavation, The statistical treatment of data from individual blocks, ore bodies, etc, allows the 
comparison of calculated metal yields with actual metal yields, and the determination of ore quality, The 
results of y rapid analyses also form the basis for comparison of various modes of radiometric measurements 


in massifs by means of gross tests after the determination of correction coefficients for infinite and semi- 
infinite strata [2]. 


Motion of mine cart 
in monitor 


Fig. 5, Schematic diagram of automatic sorting, rail hump circuit, 
1) Control point RCS-2; 2) automatic arrestor; 3) start of incline; 4) rail switching point with 
solenoid actuation; 5) mine shaft; 6) rail hump; 7) unloading point, 


The use of RCS-1 installations at deposits of the second group is limited to execution of only a few types 
of measurements, They apply to: 


. 
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1) Rapid analyses of averaged geological test samples and of fill material tests; 
2) Rapid analyses of rich ores at individual deposits with selective gross extraction, 


Control points equipped with RCS-1 installations are established in the receiving shops for te ores, 
near to geological analysis points or at initial ore separation points, 


RCS-2 installations ate placed at mine yards or at mine chutes in the case of mountain sites, on the 
surface near to mine shafts and at reception yards for poor commercial ores (Fig, 4). 


In selecting the site and location of such control points it {s essential to ensure a minimum quantity and 4 
a constancy of background radiation from surrounding rock and ore, 


RCS-2 installations at reception yards, and all 


RCS-1 installations are equipped with scales of the 
required capacity, 


Under conditions of large scale mining operations 
and a high level of mine output, the capacity of 
common RCS-2 installations (200-300 mine carts per 
shift) becomes inadequate, At enterprises of this type 
it is extremely important to mechanize and automate 
removal, sorting and unloading of mine carts bearing 
the raw ore, This problem can be successfully solved 
by automatic sorting rail hump circuits of various 

i types (Fig, 5) with utilization of a new variation of 
atl the RCS-2 radiometer of MRTP design, used in com- 
bination with a relay arrangement (Fig, 6), This 
apparatus provides automatic remote control of a 
system of arrestors and switch points of the sorting 
rail hump, Simultaneously, the number of mine carts 
unloaded into each bunker of definite ore type, is de- 
termined, The make-up of such an installation also 
allows for the semi-automatic and manual remote 
control of the process of sorting and unloading of mine 
carts at downward inclines of the circuit, Despite the 
relative complexity, maintenance of this apparatus {s 
entirely feasible for medium grade technician personnel, 


The basic method for determination of metal 
content through rapid analyses with RCS installations 
h - t 
Fig. 6, General view of RCS-2 installation, is the comparison of the measured y -radiation intensity 
from individual test samples with specially prepared 
“Arrow,” for automatic rapid analyses, 
standards, corresponding to various classes of ore, 


The basic sensitivity of the RCS installations {s 
obtained by taking readings from the entire set of standard sources, thus, generating the principal calibration 


curve of the equipment, The basic characteristics yield a graph of the readings of the equipment versus the 
uranium content in the standard sources; in addition this is utilized for mass measurement of test samples for 
determination of metal content from the readings, and also for control of sensitivity and stability of various 


equipment sets, Samples of the basic characteristics of RCS-1 and RCS~-2 installations are shown in Figs, 
and 8, 


The metal content of test samples is determined in two ways from measurements made with RCS-1 
installations: 


a) By calculation from a standard source whose intensity of radiation is very near to the radiation from 
the test batch, The content q, will be; 


qx = qs 


i 
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where q, is metal content in the standard source, x and S are the number of counts from the test batch and 
the standard source respectively (minus the background), 
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Fig. 7, Basic characteristic of sensitivity of RCS-1 installations, 


To increase accuracy and rate when doing mass measurements, use is made of tables that are assembled 
from systematic measurement of standard sources; 


b) By graphic determination from the basic characteristic curve drawn from the data obtained in the 
daily check of the standard sources, 
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Fig. 8, Basic characteristic of sensitivity of RCS-2 installations, 


The utilization of the results of rapid analyses with RCS-1 installations for estimation of reserves and . 
for operational determination of extraction of rich ores is possible under conditions of systematic comparison 
of these results with data from total analyses of all unloaded ore or of control analyses on a representative 
part of the measured ore with subsequent correction of the rapid analyses, For new types of ore or during 
periods of familiarization with new versions of the installation it is essential to conduct control tests on the 
order of 25-30 samples for each group of conveyances, Simultaneously a determination is made of the radia- 
tion balance [3], To expose system errors, the evolved data is treated statistically, In the présence of such 
an error it is essential to determine its origins; a break in radioactivity balance, incorrect material used for 
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Quantity of metal, 
5 Weight | relative quantities 
of 
S| ore, | chemical] rapid 
2 = kg analyses analyses 
4 2596 21.90 22.72 
-2 2020 8.53 8,97 
3 1240 8.69 9.41 
4 861 5.89 6.18 
5 1234 3.88 4,14 
6 1142 4.10 4.27 
7 1285 3.114 3,12 
8 4122 2.70 2.84 
9 628 2.08 2.22 
10 347 1.94 2.00 
41 338 1,99 2.09 
12 642 1.80 1.89 
13 294 1.55 1.63 
14 207 4.47 1.54 
15 459 1.44 1.54 
16 279 1.37 1.44 
17 424 3.96 4.13 
18 605 1.55 1.64 
19 183 4.47 1.54 
20 232 1.19 1.25 
21 146 1 03 1.08 
22 66 0.29 0.31 
23 210 0.96 1.00 
24 347 1.92 2.00 
25 627 4.27 1.34 
26 567 2.47 2.59 
27 746 1.55 1.62 
28 242 0.70 0.73 
29 623 1.24 1.29 
30 1202 0.94 0.99 
31 122 0.66 0.69 
32 306 0.73 0.76 
33 237 0.27 0.28 
34 222 0.32 0.34 
35 110 0.54 0.57 
36 26 0.15 0.16 
37 34 0.20 0.24 
38 25 0.04 0.04 
39 14 0,02 0.02 
40 47 0.04 0.04 
15 0.01 0.04 
42 125 0.06 0.06 
43 25 0.12 0.13 
44 40 0.03 0.03 
45 38 0.09 0.10 
46 13 0.04 0.01 
47 13 0 014 0.01 
48 793 3.75 3.94 
23 116 | £104 58 
Average relative error +4,28, 


standard source, incorrect preparation of 
standard source, inaccurate analysis, equip- 
ment and procedure faults, etc, If the origin 
of a constant error cannot be isolated, then 
the results of rapid analyses of each group of 
conveyances must be modified by a corrective 
coefficient through the relationship 


K = Mx 
M, 


where My, M, are the average values for. 
control and for radiometric rapid analyses of 
each group, 


However, the better founded coefficients 
may be obtained from the simultaneous statis- 
tical treatment of the results of total tests of 
large batches of commercial ores and the 
radiometric rapid analyses of individual tests, 
that were used on the batch, The average 
weight of metal content in the batch will be 
equal in this case to 


n 
Mite, 
i 


where qy;. and mj, are the contents of rapid 
analyses and weighing of individual test 
samples; M is the total weight of the batch; 
n is the number of individual samples in the 
entire batch, 


The transformation coefficient 


ax Av 


Kay= 
where qx Ay is the average uranium content 
in the total test sample, 


Determination of metal content in 
individual test samples and of corrective co- 
efficients for measurement with RCS-2 in- 
stallations is done principally in the same 
manner as in the case of RCS-~1 installations, 


In connection with the fact that the 
linearity of readings of mass produced sets is 
not yet satisfactory when measuring rich ore, 
the most reliable results are obtained by use 
of the basic characteristic curve with intro- 
duction of corrective coefficients dependent 
on the type of ore and the conveyance group, 


5. 
4. 
4, 
6. 
4. 
0. 
5. 
6. 
4. 
5. 
3. 
5. 
4. 
4 
9, 
4 
4 
4, 
3. 
4. : 
6. 
4. : 
4. 
4. 
4, 
4, 
4, 
9. 
4] 
4) 
3, 
6, 
5, 
6 
5] 
0 
0 
0 
0 
0 
5.1 


If a control test sampling on the order of 25-30 mine carts from each group is not possible, then it is essential 
to use the results of industrial commercial testing, 


From the results of either mode of control test sarapling, two forms of transformation coefficients may 
be obtained: 


a) differential — for each group of batches of metal; 


b) average — for definite forms of rapid analyses of ores of a given type (commercial ores, tests of 
foundation fill, poor ores, concentrates, etc,), 


Correction coefficients can be used either for generation of a more accurate basic characteristic curve 
of the installation, or for correction of the end results of rapid analyses, 


If RCS-2 installations are used for control measurements in subsurface mining operations or on the 
surface, for the purpose of ensuring only the separation of raw ore into rock and ore, then the limits of the 
distinct classes of ore are established directly by limits on the readings of the needle pointer of the set, In 
this case the ore of each mine cart is designated by a definite class and corresponding to this is directed to 
further technological processing; it is just this type of equipment utilization that allows the realization of full 
automation of the entire process of classification of ore and rock at large mines, 


From the reviewed basic conditions for rapid analysis by RCS installations it follows that the reasons for 
reduction of accuracy of results are found in three groups of errors; physical, technical and equipment, 


In the physical error group, the errors connected with breaks in radioactivity balance and emanations of 
uranium ores are predominant; these errors may be systematic in character and may be of considerable 
magnitude, To eliminate them it is necessary to determine the balance coefficients and emanation coefficients 
for individual ore bodies and individual zones, or to conduct control tests and introduce the corresponding 
corrections; the correct preparation of standard sources eliminates these errors to a large degree. Since the 
state of equilibrium and of emanation of the ores is determined by the details of their material composition, 


it is essential to repeat control tests and redetermine coefficients as the ore characteristics change in the 
process of mining of the deposit, 


The errors associated with inconstancies in metal content of the raw ores and with the nature of its 
distribution by groups are also highly significant. Inconstancy of metal content leads to considerable errors 
in individual analysis (averaging up to 25%), but since these errors are occasional, their effect on the average 
results for groups of more than 25 mine carts or auto-trucks, is insignificant, To reduce individual errors of 
this nature, it is desirable, when possible, to reduce the thickness of the layer of ore being measured to 10-20 
cm, especially when checking test samples with low metal content, 


Selective enrichment of fine or coarse fractions of ore also leads to systematic errors, especially if the 


dimensions of the detector and the geometry of the installation do not ensure coverage of the entire volume 
of test samples, 


If the material composition of standard sources and the test samples are different, then the resultant 


systematic error can be eliminated by introduction of corrective coefficients for each type of ore, determined 
on the basis of control tests, 


Sources of technical errors can be; inadequate mixing of the ores during mining and transportation, 


contamination of the mine carts, slides, etc, with fine active material, and also improper time allowance for 
making of measurements, 


In the group of equipment errors it is essential to consider the errors connected with statistical fluctua- 
tions of the pointer of the measuring instrument, and errors in reading. Also very significant is the effect of 
stability of mode of operation of the entire installation, depending upon three basic elements; the stability of 
power source voltage, the type and quality of y detectors in the sensor unit and the temperature characteristic 


of the set, Under current state of technology the ovetwall effect of these errors, given normal operation of the 
installation, should not exceed 4 5%, 


The sum total of all the indicated errors gives the practical accuracy of production rapid analyses done 
with RCS installations, This quantity is uniquely determined by comparison of radiometric analysis and total 


. 
‘ 


analyses of measuted ore batches, An example of such comparison for RCS-1 installations is given in the e 
table, which shows that the average relative error of analysis of rich commercial ores (batches of unaveraged Boe 
test samples of material coarseness about 100 mm) does not exceed 4 5% and in analysis of fine, averaged eo 
material the error reduces to + 0.5%," 
Generally the value of total error is greater for RCS-2 than for RCS-1, Therefore, when conducting a ‘ 
‘ control total analysis of a batch of ore, involving between 18 and 85 mine carts, the differences between ae 
average contents of metal were between — 14% and +6%, Introduction of average corrective coefficients eee 
allows the essential reduction of average errors in each group of ore test samples to + 5%, ss 
{1) V. 1, Baranov, M, L, Goldfarb, and L, V, Gorbushina, "The fonizing y electrometer and its use,” ae 
State Geological Publishing House, 1946, [In Russian.J 
[2] V.L. Shashkin, Atomic Energy 2, 48 (1957),° 
[3] V. 1. Baranov, Radiometry, Izd, AN SSSR, 1956, os 
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EVALUATION OF SMALL RADIOACTIVE INFLUENCES ON THE HUMAN ORGANISM 


M. P, Domshlak, L, L. Vannikov, and Yu, G, Grigoriev 


In connection with the growing incorporation of atomic energy into various fields of 
the national economy and particularly in connection with the continuing, despite Soviet 
propositions, tests of atomic armaments the level of radiation influence on the population 
is increasing, Added importance is being acquired by development of methods of early 
detection of cryptic changes in the health of persons subjected to irradiation, The present 
article surveys data on methods of investigation, developed mostly in the Soviet Union, 
which can be used for evaluation of small radioactive influences on the human organism, 


The extensive development of application of atomic energy in various fields has increased the contingent 
of persons subjected to the action of ionizing radiation, Large numbers of people are subjected to levels of 
radiation which exceed the natural background by tens and hundreds of times, Under such conditions changes 
take place systematically in the human organism which can, in the course of several years, show no clinical 
manifestations, Chronic radiation injury occurs, which is characterized by the prolonged absence of evident sympto 


symptoms, Part of these changes become apparent after long periods of time in the development of malignant 
tumors and appearance of various disturbances in the offspring, 


Depending on the extent of changes which had occurred in the organism the detection of consequences 
of the action of small doses of radiation can be more or less successful, At the present state of knowledge it 
can be taken that manifestation of radiation influences on the organism can only be considered as reliable 
when it is based on combined evidence of a number of clinical and laboratory examinations, It must also be 
borne in mind that the significance of individual tests is different for mass and individual examinations, 


Particular difficulties are encountered in the evaluation of the effect of small doses of radiation, First, 
systematic searching is now being made for indicators of cryptic, latent changes in the tissues, organs and 


systems of the organism, as well as signs of "blurred® forms of radiation illness, Only those indicators which 
appear to be promising are considered in the present work, 


In 1956 Bacq and Errera [1] submitted a critical survey of the methods of evaluating the biologic effect 
of small radiation influences, The work was based on the authors’ own and literature data and was a pre- 
liminary communication presented to the Scientific Committee on Atomic Radiation at UNO, 


Consideration of morphologic tests leads the authors to conclude that determination of the mitotic 
activity of the epidermis [2], investigation of anomalies of circulating leucocytes in the blood and changes 


in the bone marrow chromosomes [3, 4] are technically complicated and insufficiently developed methods of 
investigation, 


Thrombocyte counts in peripheral blood are a more sensitive indicator than leucocyte counts, The 
number of thrombocytes noticeably decreases even with small doses of irradiation, when the number of 
granulocytes is still unchanged, This assertion is based on the work of Mossberg [5] who carried out systematic 
hematologic examinations on medical radiologists and demonstrated that thrombocytes were more sensitive 


to small radiation influences than leucocytes; in the majority of doctors examined he found clear changes in 
the number of thrombocytes with unchanged numbers of leucocytes, 
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On the basis of research carried out by Petrova [6] it has been established that under the influence of 
large doses of radiation the following phenomena may arise: a) changes in the thrombocyte picture with 
preponderance of more mature forms and increased numbers of “reactive cells," b) changes in the dimen- 
sions of thrombocytes, with the appearance first of micro-forms, then of giant thrombocytes, their anisocytosis 
and passive ameboid forms, nonparticipating in coagulation, Despite the fact that these indicators have been 
determined in animals subjected to considerable radiation doses it would seem likely that these tests may 
prove successful in the evaluation of small radiation influences, 


Ingram'‘s [7] work should be mentioned. He showed that lymphocytes with bilobed nuclei could serve 


as indicators of changes occurring in the organism under the influence of radiation not exceeding the extreme 
permissible dose, 


Henn and Leibetseder [8] consider that hypersegmentation of neutrophils and pyknosis of their nuclei are . 
definite signs of injury by small radiation influences, 


There are some indications of the usefulness of methods concerned with determination of the functional 
state of the hemopoietic system, Thus, Morcezek and Adleff [9] successfully employed adrenaline loading for 


determination of the degree of involvement of the hemopoietic system of patients subjected to radiation 
therapy. 


A test with vitamin By is available for detection of disturbances of bone marrow function, A single 
intramuscular injection of 30 mg of vitamin By, is made, followed by examination of peripheral blood in 
healthy subjects, A single dose of vitamin By, produces 7 hours after the injection a leucocytosis with a shift 
to the left, The use of vitamin By, in subjects exposed to the action of ionizing radiation in small doses with 
no visible changes in peripheral blood can produce leucopenia, After clinical trials this test may find wide- 
spread application in view of its simplicity and ready availability, 


Communications have appeared in recent years, dealing with the possibility of detecting early changes 
in the bone marrow in cases of radiation lesions by means of fluorescent microscopy [10, 11, 12]. During 
the first few hours following irradiation of the animals with Roentgen rays bone marrow preparations show . 
brightly luminous foci resulting from disturbances of nucleic metabolism in the cell nuclei, Fluorescent 
methods of detection of radiation lesions of bone marrow are, however, complicated, cannot be used widely 


in practice and require additional testing in other pathologic states and in trials under conditions of exposure 
to small doses of radiation, 


There are at the present time no reliable immunologic tests for the effect of small doses of penetrating 


radiation on the organism, On further research and development, however, immunologic testing should be 
promising. 


There are references in the literature [13] to slowing down of antibody formation in the irradiated 
organism, The theoretical side of these investigations is extremely interesting, But the use of this test 
as a diagnostic tool encounters a number of difficulties, It is well known that the ability to produce antibodies 
is exceedingly variable in man and in animals, It would therefore be necessary first of all to collect extensive 
statistical material to characterize antibody formation in healthy subjects, 


Klemparskaya, et al, [13, 14] have proposed methods which determine the immunologic reactivity of 
the irradiated organism — a test for the enzyme activity of saliva and gastric juice with respect to dissolving 
bacteria and a test of bactericidal properties of the skin with respect to B, coli applied to the skin, 


Bacq and Errera [1] regard biochemical tests as the most promising in the diagnosis of small radiation 
lesions, These tests are based on the hypothesis of “liberation of enzymes" postulated in the book by Bacq 
and Alexander [15], according to which various enzymes are more or less firmly bound to structural elements 
of cells and are practically inactive, On irradiation this bond is disrupted, the enzymes are liberated and 
become active, The theory finds experimental confirmation in the increased activity of plasma and urinary 
desoxyribonuclease after irradiation, In suggesting the use of desoxyribonuclease activity determinations in 
plasma and urine as a test, the authors take into account considerable difficulties in the statistical treatment 
of the data obtained, and therefore recommend extension of selection of enzymes which change in activity 
following irradiation (for example, the appearance in the urine of catepsins), 


In the work of foreign authors devoted to characteristics of small radiation influences insufficient use 


is made of physiologic methods of investigation, Clinico-physiologic methods of early diagnosis of radiation 
lesions are being developed in the USSR; these are, in part, used in practice, 


Among the clinico-physiologic methods the first place in importance is occupied by investigations of 
the various functions of the nervous system, which have been found to be valuable to a greater or lesser extent 


in the evaluation of complications of radiation — and will probably be important in the detection of 
blurred forms of chronic radiation illness, 


It is proposed to consider the investigation of the functions of the olfactory, gustatory, vestibular, visual 
and cutaneous analyzers, 


Sensations of taste and smell suffer early under the effect of radiation, The thresholds of sensitivity are 
raised, Dissociated disturbance of the functions of the gustatory and olfactory analyzers is observed, Some 
one or two aspects may be disturbed with preservation of the others; the most frequently impaired sensitivities 


are those to "bitter" and "sweet." Adaptation time is shortened whilst the time of recovery of thresholds 
following loading with olfactory substance is lengthened (16, 17). 


The excitability of the visual analyzer is lowered under the influence of irradiation, as witnessed by 
the high rheobase and chronaxie values obtained on determination of the electric sensitivity of the eye, 


Impairment of the vestibular analyzer's function is expressed in dissociation of the rotary and caloric 


nystagmus, Enhancement of vegetative reactions is seen on the background of inhibition of vestibular reflexes 
(16). 


When small amounts of radioactive substances gain access to the organism impairment of vibration sense 


occurs [16], Considerable decrease of vibration sensibility and even its complete loss are observed in the ex- 
tremities, Bone conduction of sound suffers very early, 


The method of interaction of analyzers can also be used as indication of the functional state of the 
central nervous system, A study of inter-analyzer connections, i,e,, processes of induction, irradiation of 
excitation, can detect disturbances objectively even in those cases where each analyzer by itself is still 


functioning satisfactorily, The interaction of the olfactory analyzer with the visual one may be impaired 
for example, 


In the normal, optic chronaxie is lengthened when an olfactory stimulus is applied; as the interaction 
of the analyzers is weakened inhalation of thymol vapor either does not affect optic chronaxie or produces 
an inverted interaction (shortening of optic chronaxie under the influence of an olfactory stimulus), Such 
disruption of inter-analyzer connections in the form of weakening of interaction of the analyzers is found on 
investigation of irradiated subjects [16-19]. This method permits discovery of changes in induction relations 


in separate areas of the cortex and thus permit detection of early functional lesions in the com nervous 
system. 


adiation impairment of neuro-vascular regulation can be studied by plethysmography, oscillometry 
and measurement of skin temperature, Investigations of skin temperature in these cases reveal changes in 
thermotopography of the skin compared to the normal and presence of thermoasymmetry between the right 
and left sides, The thermoregulatory reflex is often inverted [20]. 


In the total complex of radiation injury indicators special attention is merited by the astheno-vegetative 
syndrome, described by Sidrer and Teselkina [21], Glazunov, et al, [18, 22] 


Disturbances of visceral function as the result of changes in the autonomic nervous system proves to be 
the earliest manifestation of the effect of radiation, It is expressed in vascular lability, functional disturbances of card 
of cardiac activity and gastric secretion, instability of blood indices, etc, During this early period the patients 
complain of being easily fatigued, of poor sleep, etc, The described manifestations are reversible so that under 


suitable conditions normalization of function is possible, Usually, however, the manifestations persist and grow 
and a astheno-vegetative syndrome is formed as the result, 


Asthenic states can also be demonstrated by electroencephalography and by studies of the higher nervous 
activity, Compensating and paradoxic phases of higher nervous activity can serve as indicators of the develop- 


ment of the inhibitory process, Presence of phasic states also indicates functional weakness of cerebral cortex 
and inadequate balancing of excitation and inhibition, 


PES 


Investigations carried out in the Soviet Union in recent times show that under the influence of radiation 
pronounced changes occur in the activity of the central nervous system; these changes can be objectively 
recorded, Thus, for example, the bioelectric activity of cerebral cortex alters in the process of irradiation, 
and initial changes arising with radiation doses of the order of one roentgen can be clearly seen on the 
electroencephalogram, These changes are seen both on clinical and experimental material (23, 24). 


Electroencephalography is more effective when activation techniques are employed, In particular, 
photic stimulation according to Livanov, caffeine administration, etc, have been found useful. Electro- 
encephalograms obtained under these conditions can reveal impairment of excitability and reactivity of 
cerebral cortex as well as manifestations of weakening of the basic nervous processes (25, 26]. 


Characteristics of the ovarian-menstrual function can be used as a test of the effect of small radiation 
influences on the female organism, Results of investigations carrled out under conditions prevailing in the 
manufacture of radium [27] showed that under the influence of very small radiation doses changes in the 
ovarian-menstrual function could be observed in women, These changes resembled ovarian disturbances 
associated with manifestations of functional depression of the follicular apparatus, Menstruation could be 
delayed, sometimes its duration and loss of blood decreased, its cyclic properties disturbed; in some cases 
there was menorrhagia, 


Experimental material is also available [28] which shows disturbances of the sexual cycle in female 
animals under the influence of chronic daily action of radiation in small doses (0,05-0.4 r), 


The indicators mentioned in this review do not exhaust all the possible lines along which development 
of methods for the evaluation of the sequelae of small radiation influences can proceed, Many of these 
methods require further perfection, However, as has already been mentioned above, reliability is to be sought 
in the combination of separate tests, chosen in accordance with the distinctive features of the patient under 
investigation, 
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LETTERS TO THE EDITOR 


4,.5-MEV LINEAR ELECTRON ACCELERATOR 


O, A. Valdner, O, S., Milovanov, G. A, Tyagunov, and A, V, Shalnov 


Operating Principles, Design and Construction of the Accelerator 


The principle of operation of linear electron accelerators has been rather well described in the literature 
{1}. In accelerators of this type acceleration is achieved through the interaction between electrons’ and the 
electric field associated with an electromagnetic wave which propagates in a circular waveguide, Ina 
cylindrical waveguide the phase velocity exceeds the velocity of light; hence, the waveguide is loaded with 


apertured discs along its axis in such a way that the phase velocity of the electromagnetic wave varies in 
. synchronism with the velocity of the particle, 


The accelerator is built in two separate sections which work as elements of a cyclical accelerator; the 
first section serves as the injector while the second serves as the accelerating element, 


Fig. 1, Diagram of the linear electron accelerator, 


In Fig, 1 is shown a schematic diagram of the basic units of the linear accelerator, The high-frequency 
power from the magnetron 1 is applied to the first section 2 of a waveguide which contains diaphragms so 
that the phase velocity varies along the waveguide, This section is fabricated from a length of seamless coppe 
tubing 90 x 110 which is carefully measured, The ends of the tubes are threaded to provide support for the 
mode changers, The diaphragms with which the waveguide is loaded are fabricated from sheet copper (M-1) 

4 mm in thickness. The radius of the circular apertures in the diaphragms is 2mm, The diaphragms are 
assembled in the waveguide by means of a special heat setting technique, In this technique, before assembly 


the diaphragms are cooled in liquid nitrogen, In all cases the tolerances on the parts of the waveguide loaded 
with diaphragms are 0,02 mm. 
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Electrons enter this section from the injector 3, which is a two-electrode Pierce gun (2), The cathode 
of the injector is a tungsten wire 0,03 mm in diameter which is wound into a spiral, A pulsed voltage of 
50 kv is applied to the cathode of the injector, The anode of the gun is grounded. The injected current 


reaches 100-150 ma during the pulse, In the diaphragm region the radius of the beam from the injector is 
approximately 4 mm. 


The TMg,-wave which propagates in the waveguide accelerates the trapped electrons, 


The high-frequency power from the output of the first section is fed to the second section of the 
accelerator 4, and then absorbed in a nonreflecting load 5, These sections of the accelerator are assembled 
from separate collars and diaphragms which are assembled by heat techniques, 


The accelerator is evacuated by seven diffusion pumps 6 of the TsVL-100 type. The pumps are pro- 
vided with louvre traps which make it possible to obtain a working vacuum of 0,5-1 x 107° mm Hg. When 
the louvre traps are used the migration of the vacuum oil does not exceed the allowable limits, The wave- 
guide is sealed by the vacuum window 7, which passes the high-frequency power from the magnetron, 


The magnetron generates a TEj;-wave which is transformed to a TMg,-wave in the transition section 8 
(from circular to rectangular) and a mode changer 9 for transforming TE) into TMg. 


All mode transducers are of identical construction, These elements are fabricated from sections of a 
standard rectangular guide of dimensions 34 x 72mm. The shape and dimensions of the transition elements 
("mushrooms") were determined experimentally, In one of the arms of the mode changer there is a choke 


section 10, with vents to allow for pumping, Inside the “mushroom" there is a sleeve 11, Both these elements 
serve as transition sections for the high-frequency line, 


The total resistance of the load can be varied over a limited region by means of the phase-shifter 12, 
which is located between the waveguide and the magnetron, To ensure the proper phasing between the 
electrons which are injected into the second section and the accelerating wave, there is a phase shifter 13 
in the high-frequency circuit between the sections, 


After passing through the output element 14, the accelerated electrons strike the target 15, Other de- 
vices which use accelerated electrons can also be connected to the output, 


To compensate for the defocusing forces which act on the accelerated electrons the first section of the 
accelerator is placed in an axial magnetic field produced by the focusing coil 16, The focusing coil is com- 
posed of four sections mounted on a common frame, The intensity of the magnetic field produced by this coil 
varies from 600 gauss at the beginning of the first section to 200 gauss at the end of the first section, 


The collimation of the electron beam is improved further by the magnetic lens 17, which is placed 
between the sections of the accelerator, 


The magnetron and the electron injector are fed by two synchronized pulsed modulators 18 and 19. The 


duration of the high-frequency pulse is 2,5 sec; the pulse repetition rate is 400 per second, The duration of 
the injection pulse is 1 psec, 


Diaphragm-Loaded Waveguide Calculations 


The engineering calculation of a diaphragm-loaded waveguide is concerned with two main problems: 
the determination of the geometric dimensions (required to provide the proper change of phase velocity in 


synchronism with the change of velocity of the accelerated electrons) and the dynamics of electron motion in 
the acceleration system, 


In this calculation the original data were assumed to be the following: 

1) Final energy of the accelerated electrons in the first section, 3.5 Mev; 
2) Energy increment in the second section, 2 Mev; 

3) Accelerated-electron current (pulse), 30 ma; 


4) Injection energy, 50 kev, 


ay 
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To improve the electron-trapping in the acceleration process and to obtain better bunching the 
acceleration in the first section occurs as the equilibrium phase changes from — 45° at the beginning to 

— 60° at the end, This variation is achieved by making the phase velocity of the wave in one section some- 
what greater than the electron velocity, To keep the waveguide attenuation at a minimum the ratio of 

aperture radius in the last diaphragm to wavelength is 0,17, It is assumed that the amplitude of the accelerating 


voltage does not change along the length of the accelerator and remains 30 kv/cm, For the conditions which 
have been given above the length of the first section turns out to be 1,2 m, © 


In the second section of the linear accelerator the phase velocity of the propagated wave is constant 


and equal to the velocity of light, The ratio of diaphragm aperture radius to wavelength is 0.13, The ampli- 
tude of the accelerating field is 22 kv/cm, The length of the section is 1 m, 


The particle dynamics in the acceleration system lave been analyzed according to a method given by 
Slater (3, 4], Using the known frequency of the magnetron the geometry of the diaphragm waveguide was 


calculated in accordance with the method given by Brillouin and Walkinshaw [5], The dimensions were 
established from dispersion curves which were obtained experimentally, 


Experimental Results 


Starting up the linear accelerator involves a number of preliminary operations, the most important of 
which will be considered here, 


The adjustment of the line is carried out at low power levels by means of a calibrated, variable-frequency, 

generator and a calibrated waveguide line, By adjusting the transition elements (the choke section and the © 
collars) of the mode transducers, it was possible to find a position for which the standing wave ratio at the 

: input of the circuit was less than 1.5 for a frequency variation of + 3 Mc/sec from the operating frequency, 
Under these conditions the magnetron stability was quite satisfactory, When the line was adjusted in this way 


the magnetron was tuned by means of the phase shifter, The method of determining the stable operating point 
was that given by Mills [6]. 


In order to secure the required frequency stability at magnetron output ( at = 3-10 ‘) the 
irregularities in the flat part of the voltage pulse applied to the magnetron were kept below 1%, 
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Fig, 2, Energy spectra of the accelerator, 
1) Spectrum at the output of the first section; 


Il) spectrum at the output of the second 
section, 


Fig. 3. Electron energy in the first section of the 
accelerator as a function of wavelength, 


I) Theoretical curve; II) experimental curve, 
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After adjustment of the high-frequency line attention was directed to injection and focusing of the 
electron beam, It should be noted that the current of accelerated electrons and the diameter of the beam of 
accelerated electrons ate, in the main, determined by the quality of the beam from the injector and the 
quality of the focusing field, Even a small asymmetry in the magnetic field of the coil, which could not be 
removed, Causes a strony divergence of the beam at the output of the accelerator, 


The coil was balanced in two steps: in the first stage the beam from the gun was investigated in the 
absence of the accelerating field; in the second and final step a beam of accelerated electrons was used, In 
spite of this cateful balancing procedure the loss of current was still large and amounted to approximately 
60-80%, The balancing of the second section was carried out using the electron beam accelerated in the first 
section, At the present time a supplementary investigation of problems of injection and focusing is being 
catried out for the purpose of improving the collimation of the electron beam, 


When the adjustments were made the parameters of the machine were investigated, 


The energy of the accelerated electrons and the spectrum were studied with a magnetic spectrum 
analyzer, This instrument consists of a sectored magnet, a vacuurn chamber and an electron collector — a 
Faraday cylinder, The magnetic field in the sectored magnet could be varied smoothly from 10 to 700 gauss, 
Investigations of the magnet showed that the field in the gap was highly homogeneous and that it varied in a 
linear fashion with the current in the magnet winding, Hysteresis was taken into account in carrying out the 
measurements, The calibration of the analyzer was carried out theoretically and then verified at the electron 


energy corresponding to the beam from the gun (50 kev), The relative energy measurements were carried out 
with an accuracy of 2%, 


In Fig, 2 ate shown spectra of accelerated electrons obtained by means of the analyzer, As is apparent 


AE 
from this curve the ratio = is 6% for the first section of the accelerator and 8% for the second section, 


There is a great deal of interest in an investigation of the dependence of the energy of the accelerated 
electrons in the first section as a function of the magnetron wavelength, This relation is shown in Fig, 3, For 
purposes of comparison, in this same figure we show the relation as calculated from theory, The behavior of 
the experimentally-determined relation is similar to that of the theoretical relation although the maximum 
energy lies considerably below the calculated value, 
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The radius of the electron beam at the output of the accelerator was estimated using a special Faraday 
cylinder such as that described by Bareford [7]. In Fig. 4 is shown the distribution of electron density in the 
beam as a function of radius, The main flux of accelerated current lies within a radius R < 4 mm, 


The energy of the accelerated electrons at the output of the second section as a function of the phase 
of the wave was measured with a calibrated phase shifter (Fig. 5). : 


The accelerator described above has been constructed as an experimental laboratory model with which 
the individual elements and the operation of the accelerator as a whole can be studied, The results which 
have been obtained have made it possible to design an improved model which is, at the present time, in the 
planning stage. Present plans call for the use of the new model in research and educational applications, 
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PRODUCTION OF INTENSE ION PULSES WITH LENGTHS 
LESS THAN 5° 10729 SEC 


N. N. Flerov and E, A, Tamanov 


At the present time neutron pulses of the order of several millimicroseconds are obtained at accelerators: 
by allowing an ion beam to fall on a target for a short time [1], The resulting neutron flux is of very low 
average intensity because only a small part of the ion current of the accelerator is used, Further reduction of 
the length of the neutron pulse is limited by the fact that the mean intensity of the neutron flux from the 
target is reduced while the background of y-rays and neutrons from the constructional elements remains con- 
stant since it is determined by the total ion current of the accelerator, 


In [2] a method was suggested for obtaining very short ion pulses with a pulse current two orders of 
magnitude greater than the accelerator current, This method (which has not been realized at the present time) 
is based on the fact that ions which enter a system containing a magnet at different moments of time traverse 
different paths in the magnetic field and impinge on the target almost simultaneously, At the suggestion of 
N. N, Flerov the authors have applied a method similar to that used in klystrons for forming short electron 
pulses, In this technique the velocity of ions which enter the system at different instants of time is changed 


in such a way that after passing over a definite (drift) path the ions are bunched and strike the target in the 
course of a short time interval, 


Diagram of the experimental] apparatus (dimensions are given in millimeters), 

1, 2, 3, 9) Deflection plates; 4) input to deflection plate; 5) oscillator tank circuit; 
6) tubular electrodes; 7) diaphragm; 8) trace of ion beam on diaphragm 1; 

10, 11) electrodes for measuring high-frequency voltage on the tubular electrodes 6; 


12) “diaphragm; 13) target; 14, 15, 16) electrodes and deflection plates for the 
cathode-ray tube, 
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Analysis indicates that in this system it should be possible to obtain pulses with a length of 5107" sec 
and pulse currents 100 times greater than that which can be achieved without ion bunching, If it is per- 
missible to reduce the average current at the target, it is possible to obtain pulses which are considerably 
shorter (107 sec and Jess) and a current multiplication factor in the pulse of 200 and even higher, 


A diagram of the experimental apparatus is shown in the figure, An ion beam with an energy of 200 kev 
is periodically deflected by an alternating electric field which is perpendicular to it (at a frequency of 
5 Mc/sec and passed through a slit in the diaphragm once per cycle.* Between the deflection plates 1 and 
3 and the diaphragm 7 there are two tubular electrodes 6, which are connected to a push-pull oscillator 
(frequency of 5 Mc/sec and tank-circuit power of 250 watts), The length of the tubular electrodes and the 
frequency of the alternating voltage are chosen such that during the time-of-flight of the ions inside each 
electrode the phase of the alternating voltage is changed by 180°, Ions which pass through the diaphragm 7 
at different instants of time will thus acquire different velocities and will become bunched over the path of 
193 cm, thereby producing a pulse current of short duration at the target 13, 


Using an ion current in the accelerator I) = 67 # amp and a repetition frequency of 5+ 10° pulses per 
second the average current at the target was 1 = 12 amp, that is , 18%o0f 1), To measure the duration of 
the pulses the secondary electrons produced by the ions at the target 13, were focused on the screen of a 
cathode-ray tube (the accelerating voltage was 9 kv), The beam was also swept at a frequency of 5 Mc/sec 
It was found that the duration of the ion pulses at the target was less than 5°10 “0 sec, The current pulse was 
70 times greater than the current obtained without ion bunching and exceeded a value of 5 ma, ** 


The use of such short and intense pulses should allow an increase in accuracy by an order of magnitude 


in measurements of the energy of fast neutrons by time-of-flight schemes as compared with the accuracy 
presently being reported in the literature, 


Using a similar device between the ion source and the accelerating tube of an electrostatic generator 
it is possible to obtain very short, intense ion pulses at energies of several millions of electron volts, 


A detailed description of this work will be given in the journal "Experimental Instruments and 
Techniques," 
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A device is being considered which will make it possible to pass ions to the target once in every few 
cycles, 


** — After the work being reported here was finished our attention was directed to a short report given in [3 
in this work, using the present method a pulse duration of 4°10~® sec was obtained with an intensity 5 times 


greater than the intensity without ion bunching, In view of the brevity of the report it is not possible to de- 
termine the reason for the rather poor yield, 


THE PROBLEM OF BEAM DEFLECTION IN A CYCLOTRON 


P. P. Dmitriev, N. N. Krasnov, and E, N. Khaprov 


in [1] and (2) it has been shown that when a shielded ion source is used with ion extraction into one dee 
with a comparatively small gap between the extraction dee and the ion source the centers of the trajectories 
are grouped on one side of the ion source after several ion revolutions, 


If the ion source is located at the geometric center of the cyclotron chamber, which is the center of 
symmetry of the magnetic field, the initial displacement of the centers of the trajectories leads to radial 
oscillations and precession of the centers; these effects arise as a consequence of the effective variation of 
the magnetic field as a function of radius, As a result, when the ions exit to the deflection system the tra- 
jectory centers are displaced from the center of symmetry of the magnetic field by a distance which can be 
as much as several centimeters [3], The beam deflection system is generally designed under the assumption 
that the centers of the ion trajectories lie in the region of the geometric center of the cyclotron chamber, 
Hence, to obtain beam deflection one generally applies a "shimming" field [4, 5], which results from an 
artificially produced azimuthal asymmetry in the magnetic field, directed in such a way that when the ions 
enter the deflection system the centers of the trajectories are located in the region of the geometric center 
of the chamber, Supplementary shimming of this kind involves a number of difficulties which arise as a 
result of the absence of any accurate information concerning the nature of the required azimuthal asymmetry 
of the magnetic field, 


It has been found convenient to displace the ion source in a direction perpendicular to the direction of 
the ion motion in order to make the centers of the trajectories coincide with the center of symmetry of the 
magnetic field (1, 3], In a magnetic field which is sufficiently homogeneous in azimuth this procedure 
should lead to a considerable reduction in the precession of the centers of the trajectories and should make 
it possible to obtain beam deflection without additional shimming. 


In view of the fact that the magnetic field at the edge of the pole pieces has a high gradient a de- 
flected beam moving in this inhomogeneous magnetic field is strongly divergent in the horizontal direction, 
The divergence of the beam can be reduced by using a deflector consisting of a potential plate and a grounded 
plate which are hyperbolic in cross section [6], In this case an inhomogeneous electric field exists between 
the electrodes,and the intensity of this field falls off linearly between the grounded plate and the potential 
plate, A method for calculating deflections in a system of this type has been given in [2]. 


EXPERIMENTAL 


The experiments to obtain a deflected beam were carried out at the one-meter cyclotron, At the 
ejection radius of 44 cm the energy of the deuterons is theoretically 10.6 Mev, the magnetic field is reduced 
by 2.2% and the decay index of the magnetic field isn = 0.2, The amplitude of the first harmonic in the 
azimuthal asymmetry at R = 44 cm is 26,8 gauss, 


In Fig, 1 is shown a schematic section of the cyclotron chamber, 


In these experiments an ion source with a shielded arc was used; the slit for ion extraction into one 
dee is 2,5 x 8mm, Through the use of sliding seals for the upper and lower feed-throughs of the source it is 


. 
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possible to move the arc chamber along the gap between the dees for distances up to 60 mm, The motion 
of the source and the control of its position are carried out remotely without disturbing the operation of the 


cyclotron, In the central part of the dees there are proneting sections (fillers), the minimum distance between 
which is 30 mm in the horizontal plane, 


Fig, 1, Schematic diagram of the cyclotron chamber, 
1) Dees; 2) deflector; 3) feed-through for the ion source; 
4) arc chamber of the ion source; 5) fillers; 6) trajectory 
of ions of the internal beam at the terminal radius; 1) 
trajectory of ions in the deflected beam; M1, M2, M3) 
targets for measuring deflected beam, 


The high-frequency voltage to the dees is applied in pulses at a repetition rate of 200 pulses /sec, The 
amplitude of the voltage between the dees is 90-100 kv, The internal beam current is 800-1000 » amp 
pulsed, The current in the deflected beam can be measured at three points by means of the three targets M1, 
M2, M3 (Fig. 1), The current is measured simultaneously by thermal and electric methods, 


The first experiments were carried out with an ordinary deflector with plane electrodes, The voltage 
applied to the potential plate was 42-44 kv, When the ion source was shifted there was a sharp increase in 
the magnitude of the deflected current, It was found that when the voltage to the dees was changed it was 
necessary to choose a new position of the source to obtain maximum current, With a voltage of 90 kv between 
the dees the maximum current in the deflected beam corresponded to a source displacement of 15 mm, while 
at 97 kv the displacement was 19 mm, The beam current measured at target M1 was 25-30% of the current 


in the internal beam, In this case the horizontal dimensions of the beam were such that only 60% of the beam 
measured at target M1 was incident on target M3, 


Later when the ion source was displaced a supplementary shimming field was also used and this procedure 


made it possible to increase the current in the deflected beam (at target M1) to 45-50% of the current in the 
internal beam, 


A deflection system with hyperbolic electrodes was then installed, The maximum current in the de- 
flected beam was found at a source displacement of 19-20 mm in which case the deflected current was 50% 
of the current of the internal beam, Further attempts to increase the current in the deflected beam by means 
of additional shimming had no effect, Apparently, for a given configuration of the deflection system the 
optimum conditions are achieved at only one displacement of the ion source, The currents measured at all 


three external targets were found to be the same; this would seem to indicate a contraction of the horizontal 
dimensions of the beam, 


In Fig, 2 is shown the magnitude of the ion beam current incident on target M3 as a function of the 
position of the ion source, Along the abscissa axis is plotted the distance between the source and the center 
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of the-pole piece, The direction of the displacement J is shown in Fig. 1, A comparison of the horizontal 

dimensions of the beam obtained with the plane and hyperbolic deflection systems indicates that in the latter 
case this dimension is smaller by a factor of two and is 200 mm at target M3, However, the vertical dimen- 
sion of the beam is increased by a factor of 1.5 and is 30 mm at target M3, 


N 
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Fig, 2, The current in the deflected ion beam Fig. 3. Photograph of the beam emitted into the 

incident on target M3 as a function of the atmosphere (seen from above), 

position of the ion source; this curve is taken 

with adjustment for the maximum intensity of 

the beam at each measurement, In Fig, 3 is shown a photograph of the ion 

Voltage between the dees — 96 kv, beam emitted into the atmosphere through a foil 

deflection voltage 42 kv, window in the auxiliary chamber, In the path of 
the beam there is a plate with vertical slits which 
separates it into ten separate beams, The well- 

defined boundaries of the beam make it possible to determine the deuteron energy from the range in air, It 

is obvious from the photograph that the ion range increases as one goes from the inner edge of the beam to 

‘the outer edge, In the case being shown here this change corresponds to an energy variation from 10,6 to 
10.8 Mev, This value of deuteron energy is in good agreement with the calculated values obtained for the 


corresponding values of H and R, It may be assumed that this agreement is due to the displacement of the 
ion source, 


The authors are indebted to I, 1, Zhivotovsky for help in the design of certain construction elements 
which made it possible to move the ion source, 
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POSSIBILITY OF THE TECHNICAL APPLICATION OF THE INHERENT 
MODULATION OF THE ION BEAM IN A CYCLOTRON 


V. S, Panasyuk 


In 1953, at the suggestion of A, A, Naumov, the author and L, 1, Yudin carried out an experiment in 
which a high-frequency resonant circuit, tuned to the frequency of rotation of the ions in a cyclotron (in the 
case given here the frequency of the high-frequency oscillator) was excited by the extracted beam, The 
results of this experiment indicate that it is possible to use the ion beam as a pulsed current generator with 
the frequency of the first harmonic component equal to the frequency of ion rotation, 


It is obvious that in amplification (by means of an alternating-current amplifier) of the signal produced 
by the accelerated ion current the direct-current component is lost, However, in most cases this situation does 


Not represent a serious obstacle to the wide application of high-frequency amplifiers in devices which are 
used for monitoring cyclotron operation and for control purposes, é 


As is well known, the ion bunching in the deflected beam is determined by the range of ion exit phases 
and the parameters of the deflection system in the cyclotron, The range of ion exit phases depends on many 
parameters and, in the majority of cyclotrons, is less than 0,1 of the period of the high-frequency voltage 
which is applied to the resonant circuit, In the majority of practical cases the current in the deflected beam 


is 30-40% of the current which circulates in the outermost radius, Thus, the bunching factor = of the ions 
in the deflected beam will be still smaller (7 is the length of a bunch, T is the period of the high-frequency 


voltage), 


As is well-known, the relation between the quantity 7 and the second harmonic component in a 


rectangular pulse is almost linear (the deviation is less than 10%) up to values = «0.1. It may be noted 


that this same relation holds approximately for the series which represents a truncated sine pulse, Thus, by 
changing one of the first harmonic components by changing the bunching factor of the pulse, it is possible to 
control the direct-current component of the signal; this possibility is of great importance in many experi- 
ments in nuclear physics, The validity of this conclusion was verified experimentally, 


Method of Investigation and Apparatus 


The harmonic analysis of the voltage pulses produced by the accelerated ion bunches was carried out 
using a resonance circuit, the natural frequency of which could be varied by means of a variable condenser, 
Signal amplification was carried out at an intermediate frequency, The condensers in the input circuit and 
the heterodyne circuit were tuned remotely by selsyns, The input circuit was excited from a current pick-up 
device through which the particles passed (Fig, 1), The direct-current component of the signal passed through 
a circuit with a radio-frequency choke and was measured with a microammeter, 


At first, the input circuit was tuned to the frequency of the first harmonic, that is, the frequency of the 
high-frequency oscillator 8,75 Mc/sec Using this set-up the relation between the amplitude of the first 
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harmonic and the adjustment of the magnetic field was investigated; in a separate experiment, the effect of 
a change in voltage at the deflection plate was studied, At the same time the variation in the direct-current 
component was examined, This relation is shown in Fig, 2, Curve 1, 


Current 
detector 


Fig. 1. Schematic diagram of the "harmonic anafyzer."* 


It is apparent from the graph that the curve is linear to within an accuracy of 1-2% which, in the pre- 
sent case, is the experimental accuracy, This same relation was found when the amplifier was tuned to the 
second harmonic (17.5 Mc/sec Curve 2), From these results it may be concluded that the parameter 


= in the deflected beam is less than 0,1. 


Thus, by controlling the amplitude of either of the first two harmonic components it is possible to vary 


the average ion current at the cyclotron target, From the point of view of apparatus shielding and filtering 
of the high-frequency disturbances it may be more convenient to use the second harmonic, 


Possibilities of Technical Application of this Method 


In many cases it is necessary to control a small ion current which strikes the cyclotron target for a 
definite period of time, For this purpose one generally makes use of a current’integrator [1] in which there 
are high-gain direct-current amplifiers, When a radio-frequency amplifier is used for this purpose the in- 
tegrator can be simplified considerably and its stability improved. 


We now consider a scheme for measuring the energy of the accelerated ions in a deflected beam, In 
the path of a beam, in the vacuum tubing, there are located two current detectors connected to radio-frequency 


* (Here = ‘1k’, ‘10T'= ‘10k’, '20T' = ‘20k’, etc, — editor's note.] 
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amplifiers, The outputs of the amplifiers are fed to a calibrated phase discriminator (Fig, 3), Knowing the 


phase shift between the voltages derived from the current detectors and the distance between the current 
detectors the ion velocity can be computed, 
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Fig. 3, Block diagram of the device for measuring 

the energy of accelerated ions in the deflected 

Fig, 2, Relation between the amplitude of the — 

first 1 and second 2 harmonic components and 

the magnitude of the direct-current component 


A similar scheme can be used for stabilization 
of the accelerated ion bunches, : 
’ of the phase of accelerated ion bunches which strike 
®) Variation of magnetic fields; O) varia- 
a remote target in the cyclotron, After amplification 
tion of voltage in deflection system, 


at radio frequencies the signal is fed to a phase dis- 


criminator, The “reference” phase is the phase of 
the voltage of the high-frequency oscillator, As an auxiliary control element in this type of stabilizer one 


can use any of the accelerator elements; the electromagnet, the deflection system or the radio-frequency 
oscillator, 


Radio-frequency amplifiers can also be used to advantage in a scheme for stabilizing the mean ion 
current which strikes the cyclotron target and also for starting the timing apparatus used in experiments on 


neutron spectroscopy in which one measures the time-of-flight of the particle between the target and the 
counter [2],* 


We may note that the intermittent nature of the beam of accelerated ions makes possible not only the 
development of new instruments-for monitoring and controlling the operation of the cyclotron but also yields 
the possibility for carrying out certain investigations of the acceleration and deflection processes in the 
cyclotron, For example, in investigations of the beam deflection process at the deflection plate, in addition 
to the direct-current voltage, one can apply a sinusoidal radio-frequency voltage from the cyclotron oscillator 
The amplitude and phase of the alternating component of the deflection voltage are controlled in such a way 
that the deflection voltage undergoes a large change during the time in which the ion bunch passes through the 


‘4 The scheme for stabilizing the phase of ion bunches at a remote target and the scheme for measuring 
the ion energy were suggested by A, A, Naumov, 
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deflector, Knowing the amplitude-time characteristics of such a system it is possible to obtain valuable in- 
formation from the shape of the fon bunch and the exit angles of particles in the deflection system, There fs 
reason to believe that such a device will make it possible to increase the current of accelerated ions in the 
deflected beam, By phase modulation of the alternating component of the deflection voltage it is possible to 
increase the bunching factor in the deflected beam by “locking” the deflection system for the required time 
interval, This teclinique should be of great value in increasing the resolution in neutron-spectroscopy ex- 
periments [2]. 


The present work was carried out in 1955, 


The authors are indebted to Yu, V, Korshynov and D, A, Kuznetsov for help in the experiments and 


adjustment of the apparatus and also wish to express their thanks to L, M, Nemenov for providing the possibility 
of carrying out the present work, . 
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THE PROBLEM OF CHOOSING THE POTENTIAL DIFFERENCE BETWEEN 
THE DEES OF A CYCLOTRON 


Yu. A. Zavenyagin and N, D, Fedorov 


In work by Rose [1], Khurgin [2], Cohen [3], Chubakov [4], Belyaev [5], and in unpublished work by 
D. M, Kaminker and Z, M, Maksimov different methods have been presented for finding the minimum 
difference of potential between the dees (for limiting ion energy for a given potential difference), However 
these authors yea the variation of magnetic field H with radius r_ by simple functions of the form 

H = Hg (1— yr") or divide the curve into two or three sections in which the same function is used (with each 


section having its own exponential decay index n), In the latter case it is necessary to join the ion phase 
values at the boundaries of the sections, 


In the present paper the dependence of magnetic field on radius is given in a more general form, The 


voltage required for common acceleration of ions, the initial phases of which lie within a given interval, is 
determined, 


We write the dependence of magnetic field intensity on relative radius x (x= 


acceleration radius) in the form 


, R is the terminal 


H=H,|\—h(2)] (0<2<1), 


where h(x) is a sum of terms of the form ay x*, that is 


h(x)= 2) 


The exponential index k > 0 (it can assume fractional values), 


Following the conventional terminology we shall call the "lens" acceleration mode that mode in which 
the moving ion spends the largest fraction of its time inside the dees (outside the electric field), In this mode 
the change of phase 9, per half-revolution can be given by the equation 


d sin 0 + Of, 28 —p xzdz, 
2eVq (3) 


where c is the velocity of light; e and mg are the charge and rest mass of the proton; z and A are the 
charge “and mass number of = ion 1 being accelerated; @ is the ion.energy; @ ¢ is the ion energy at the 

terminal radius (% = & ¢x ), 2Vo is the peak value of the potential difference between the dees; v is the 
number of accelerations (half-revolutions) of the ion; p is the relative amount by which the magnetic field 
at the center Hg exceeds the resonance value Ho, (Ho, = Ama 


field), that is 


, where w is the frequency of the electric 
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Let the radial coordinate of a moving ion change from r =r, tor=fg. If, at the start of this segment 
there are two ions with phases ¢ and yy (at the end of the segment these phases become correspondingly 
% and 2), from Equation (3) we have the important relation 


This expression makes it possible to establish the manner in which the phase interval changes in the ion 
acceleration process, 


All the expressions given above (which are valid for the lens mode) may be applied since the phase is 
virtually established in the beginning of the acceleration process, in the majority of cases, after the first 
half-revolution of the ion [6]. The phase values at the beginning of the lends mode of operation for various 
acceleration conditions in the central region of the cyclotron can be found in (6). 


We shall assume that ¢j and yj; ate correspondingly the lower and upper limits of the range of phases 
at the beginning of the lens regime (x = xj, Fig. 1) and that yf and yp¢ are the limits of the phase range at 


r 
the end of the acceleration cycle (x = 1), We introduce the quantity xg = iw corresponding to the radius at 


6 
which the ion phase assumes the minimum value ae =0), At x= xg, the right-hand side of Equation (3) 


becomes zero and this makes it possible to determine the excess-field factor p : 


p=h (zs) 


(6) 


Since the change of ion phase due to the relativistic mass increase is equivalent to the effect of a field 
which falls off quadratically, Equation (6) taking into account Equation (2), can be written conveniently in 
the form 


p= (1) 


(k #2), 
(8) 


In view of the fact that the dimensions of the orbit at the beginning of the lens regime are many times 
smaller than the dimensions of the orbit at the end of the acceleration cycle, in integrating the right-hand 
side of Equation (3) the lower limit for xX may be taken as zero, 


Integrating Equation (3) twice (between the limits 0 — x, and 0-1) for an ion with an initial phase 
9, We obtain two equations from which it is possible to determine x, and 2Vg as functions Of Yi, PE, Ps 
and és (%, is the phase value for x= xg), 


In accordance with Equation (5) 


sin =sin ¢¢—sin 


Hence x, and 2Vp can finally be given as functions of the limiting values of the initial phase interval 9; 
and yj , the minimum value of the phase yg and the upper limit of the final phase interval pr. In this 
case X¢ is determined from the equation 


= 
. 

jw 
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[ 4 _k+2 ] 
k+2 * sin —sin =B 
2(k+2)"8 


The potential difference between the dees can be found from the expression 


bpk ght2 
SING gs (10) 


Here and in the following € ¢ is expressed in megelectron volts, and Vp in megavolts, The quantity x, can 
be found from Equation (9), However, it is only for a case in which the magnetic field varies quadratically 
(k = 2) that there is a solution in explicit form, In all the other cases x, can be determined by an approxi- 


mation method if it is assumed that 


(8 x). 


For a given xq the value of § is found from Equation (9): 


b 
gl2—(k + 2) 7] 


> (1 + 


Usually it may be assumed that X9 = 0.6-0.7, 


The potential difference 2V» turns out to 
be a minimum in the case in which the range of 
phase variation is the maximum possible for ion 

” Sin ¥ acceleration, For this situation to obtain it 
follows that = —90° and pr = 90°, Then, 
the parameter B, introduced in Equation (9), is 
\ found to be 
Sink 


» 


2 

3 


Var 1+ sin 
| vr In most cyclotrons the field curve is quad- 
NI ” ratic up to x = 0.7-0.8 and then almost always 
Sins 


assumes a higher curvature (k > 10), In this case 
Equation (1) assumes the form: 


H = Hg (1 (12) 
Fig, 1, Diagram showing the change of phase 


for ion acceleration in the lens mode, Since k is large, it is permissible to neglect 


certain small terms in Equation (9), Thus, Equa- 
tions (7) and (10) can be reduced correspondingly 
to the expressions: 


| 
i 
| 
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4ap 1)" 
[ ba (k + 2) a 


sin —SiN 


where, as in Equation (8) b= 


If the field falls off according to a quadratic law (aj, =0) Equations (13) and (14) take on a simple form 
(in this case the formulas are exact), 


The ratio of the values of 2V,, found when the term a,xk is taken into account and is not taken into 
account in Equation (12) (az does not change) is found to be given approximately by the following for large 
values of k: 


[1+ 2a,B 
by (k + 2)(1+B—V1 +B) 


In conclusion we present the results of certain actual calculations pertaining to a simple magnetic field 
form and various phase conditions, In Fig, 2 is shown the dependence of 2V) on the phase conditions for ion 
acceleration for quadratic decay, It is assumed that ¢ = — 90° and vf = 90°. For each of these curves Y 

remains fixed while y; is varied from the 
chosen value of y to 90°, 


14 T 

¥,20° However, under ordinary conditions, it 
. &2 a a cannot be assumed (as has been done by many 
15° authors earlier) that the maximum value of 


30” is 90°. It has been shown by one of the 


authors of this paper [6], that y,; usually cannot 


== take on values greater than 30-45°, In Fig, 2 


reasons of completeness, The minimum value 
of the phase ¢; which can be taken for cal- 
0 culations is determined from an analysis of 


06 
Nik ‘ to 90° are presented only for 
S06 values of y; up to 90° are presented only fo 
Slag 

a2 


10 20 30 4 50 60 7 80 9 the vertical ion oscillations, In practice, this 


¥, deg value can be taken as zero, 


Fig. 2, The potential difference between the dees The dashed curve in Fig, 2 corresponds 
as a function of the phase conditions for ion to gj = pj (the case of zero intensity of the 
acceleration in a magnetic field which falls off ion beam). The voltage 2Vy tound from this 
quadratically (Vp is in hundreds of kv, @ ¢ in curve for the maximum possible value of the 
Mev), phase yj can then be taken as the starting 
voltage, From Fig, 2 it follows that 2V) de- 
i weakly on 4 and yj; if the latter approaches 90°, The nature of the curves is independent of 


A and the rate of field decay, 


In Fig, 3 are shown the results of a comparison of the magnitudes of 2Vp for different decay shapes of . 
the field (k = 0.5, k = 1, k = 2), Along the abscissa axis is plotted the relative magnitude of the total field 
decay ay. The curves are plotted for several values of oo . The coefficient B is taken as 0.5 ( 4 =0, 
¥j = 30°, 9, 90°, 90°). 


The magnitude of a7, varies in almost a linear way with a, and —_ (for k = 2 this relation is 
3 f 


exactly linear), The points at which the curves intersect the ordinate axis correspond to a homogeneous 
magnetic field and characterize the effect of the relativistic mass increase in the ion acceleration process, 
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For quadratic decay 


2V,,=0,340 (4 + 938-4, ) 


In two other cases use can be made of the approximation formulas (as before with B = 0.5): 


2V,==0,340 508-an ), (k=0,5), 


(4 + 760-0, ) (k=1), 


In the last three formulas € ¢ is in Mev and. Vp is in kv, 


Fig, 3, Comparison of the potential difference between the 
dees for different rates of decay.of the magnetic field, 

) k=1; ----) k=2; k=0.5; (Vo in 
kv, ¢ in Mev), 


The values of 2V) found for the cubic decay form (k = 3) are larger than those for k = 2 by only 2% 
tf 


(the maximum deviation corresponds to “—— * 4 and a, = 0,03), Hence, in Fig, 2 the curves for k=3 are 


not shown, 


For linear decay, in the best case ( =<. =4, a, = 0.03) the value of 2Vy is 19% smaller than for 


k = 2, The curve for k = 0,5 is drawn only for ae =4 and ft = 24, For these values of tt the 


improvement in 2Vp) (as compared with the quadratic case) for ak = 0.03 is correspondingly 40% and 25%), 
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A REMARK ON THE PROBLEM OF CYLINDRICAL REACTOR CALCULATIONS 


Saulyev 


In the case of spherical as well as idealized infinite cylinder reactors, an effective method for calcula- 
tion of neutron multiplication constants or critical reactor dimensions (by the diffusion-age approximation) is 
the multigroup method with subsequent solution of group equations by the finite difference factorization 
method which has been worked out in detail by I, G, Marchuk [1], In the two mentioned cases, the neutron 
current nv depends only on one spatial variable, and the Laplacian v" has the form 


If the reactor is cylindrical and the current is variable in two directions, specifically r and z (the 


0? 
Laplacian in this case has the form v? = ae ae 


then the method of finite difference 
factorization for solution of group equations, is directly applicable, Let us clarify this, In the method of finite 
difference factorization for each lethargy group, a three diagonal matrix is transformed (in this case the three 
diagonal structure of the matrix is used as is) being formed from the coefficients of the unknowns in the group 
equations for the case of a single space variable, In the case of two space variables these matrices become 

five diagonal, and therefore the method of finite difference factorization cannot be used for their transformation, 


Marchuk's method [1] of reactor calculation may be divided into two basic steps; first step — generation 


of group constants (a process of averaging out cross sections by lethargy groups) and second step — solution of 
group equations by the method of finite difference factorization, 


In the case of two space variables the first step will be used without any changes (and even without any 
increase in computational work), and therefore we will not dwell on it, The purpose of this remark is to focus 


the reader's attention on the possibility of using a Laplacian approximation such that the entire method of hated 
two of the solution may be transferred to the case of two space coordinates, 


Let us start with the following equation for slowing down of neutrons in an "Intermediate" reactor: 


=vS (7, z, (1) 


S(r, 2, u) =F (u) nv du, 


y2nu + 


where Err, Zo, & 2s, F and L¢ are well known experimental functions of u. Concurrent with this, the sought 
for neutron current, nv, is finite and positive everywhere in the reactor volume and for all lethargies, is equal 


to zero at the extrapolated boundary and is continuous, together with current density Vn BV (Vp is the 


projection of gradient on the normal to the boundary interface) at the boundary interfaces of physically differing 
media (with u=0, nv=0), 
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For the numerical solution of Equation (1) we form a mesh in space, tj = thy, zj = hg. For simplicity 
of treatment let us consider the mesh to be square (ly = hg = h) with the same pitch in all zones, and conduct 
all further discussions without considering nodes lying at the interzonal boundaries, Let us designate lethargy 
steps by 1, For abbreviation of notation let us introduce the designations: 


nv (ih, jh, kl) = no); At 


h 


nol) = nol"), + nol", 45 


Ranges of variability of the indexes i, j andk: 1=i=<N,, 1=j=N, andO=k=Ny, where N,, NL, and 
Ny are total numbers of nodes in the axis directions tT, Z, and u, at which the function nv is determined, 
Finally, for greater clarity of presentation, all equations will be repeated in matrix notation, 


Let us now write two, somewhat opposite, approximations of Equation (1): 


I, The direct form 


4 
00) [A? nv; + A? = 
tr 


= by E20 not) — 9), 


or, abbreviated, 


Il, The indirect *inverted* form 


=Ay ex) —s), 


or, abbreviated, 


BOTY 4 (3) 


Here A* and pi! ) are matrices of order N, X Nz, all of whose lines contain no more than five elements 
other than zero; nv () and Q(K), are the sought for and the known (for an assumed source), (N, X N,)- degree 


vectors, 


A comparison of song (2) and (3) shows that Equations (2) are basically simpler than — (3) 
(multiplication of matrices A(K) by the vector in Case (2), and transformation of matrices B(K+1 ) in Case 
(3) }. However, in order to have the maximum modular absolute value of matrices ACK) Jess than 1 (which fs 
essential for stability) the lethargy step 1 must be small compared to the space step h, System (3) is stable . 
for any value of J, but requires for every k, transformation of matrices of high order, 


Thus, methods I and II require a considerable number of arithmetic operations; Method I by virtue of 
the small lethargy step, Method II by virtue of the slow convergence of iteration when transforming matrices 


B(K) (noniteration methods for solution of Form (3) are not feasible), 
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Keeping in mind the definition of the space region (rectangular) we propose to use for reactor calculations 
the following method, which is free of the handicaps indicated: 


Ill, Intersection method 


1 (2h) 2 (2k+1) 
r 


2 y(2h+2),, (2h+ 1) 
2 y. 


or, abbreviated 


(2k 


(i=4, 2,... Nr), 


cih+2) ny(2h+2) py + Q? +1) 


(j=1, 2, N,). 


Here c@**+1) 


and C§?**2 Yang similarly and +1) are matrices of orders and Nr 
respectively, all of whose lines contain no more than 3 elements other than zero; nv, , uv i and QQ i 
are the sought for, and the known vectors of orders N, and N,, respectively, 


Method III, analogous to method II, is stable and requires the transformation of matrices, With this, 
instead of transformation of one matrix of order (Ny X N,), which is necessary when using method II, with 
method III it is necessary to transform .N, matrices of order N, (or Nz matrices “y order N. 


The advantage 
of method III (in comparison with method II) lies in the fact that the maitiens c(t) and cK are three 
diagonal, This allows their transformation not by iteration methods but exactly, with the help of factorization, 


In quantity of arithmetic operations, method III is improved upon only by the method of reduction to a "Cauchy'*s 
problem® (2), which is unstable and therefore hardly suitable for solution on electronic computing machines, 
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THE MEASUREMENT OF THE THERMAL-NEUTRON DIFFUSION LENGTH IN ICE 


L. M. Barkov, V. K. Makaryin, and K, N. Mukhin 


Measurements of the density distribution of thermal neutrons, produced by the slowing down of neutrons 
from a Sb + Be source, were made in an ice prism with dimensions 100 X 100 X 130 cm®, The source was 
placed in the center of the prism, while the indium foil, which was used in the measurement of the thermal- 
neutron density, was irradiated in channels in the prism at distances 17.4 = R= 31 cm from the source, To 
eliminate the effect of the cavities the irradiation of the indium foil was carried out inside rods, inserted into 
the channels, 


At a distance R > 17 cm, the activation produced by resonance neutrons is negligibly small because of 
the very rapid drop of the resonance-neutron density with increasing distance from the source, For R = 17cm, 
the activation produced by resonance neutrons is only 0.1% of the total activation of the foil. 


The methods of measurement and the treatment of results have been described earlier [1]. 


The diffusion length for ice at t= — 14°C was found to be Lj = 2.85 + 0.05 cm, The density of ice 
d was determined by the method of hydrostatic weighing and was found to be equal to 0.89 + 0.01 g/cm’, 


The value obtained for the thermal-neutron diffusion length in ice can be compared with that for 
the thermal-neutron diffusion length in water, obtained earlier [1]; Ly = 2.68 4 0.02 cm, For this com- 
parison it is necessary to take into account the different values for ice and water of Xe and Aj, the ab- 
sorption and transport mean free paths, Taking into account the obvious relation AypA¢ ~ 1/d*, where d 
is the density of the medium, increases Ly to Ly = 3.0 cm, while taking into account the fact that for thermal- 
‘Neutrons A, ~ VT, decreases Ly, to 2,92 cm, The variation of with temperature gives a further de- 
crease of L by the same order of magnitude as the change in Ag, so that the value of Ly, “reduced to ice” 
coincides with Lj, measured experimentally, 


The agreement between L,,,, for ice and the diffusion length calculated from Ly, taking into account 
the dependence of A, and Ar, on the density and temperature, makes possible the conclusion that changes 


in chemical binding in the transition from water to ice have only a small effect on the diffusion length 
(AL < 0.1 cm), 


In conclusion, the authors express their sincere gratitude to Professor I, 1, Gurevich for the discussion of 
the present results and to A, P, Venediktov and B, V, Sokolov for help during the experiment, 
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THE ATTENUATION OF NEUTRON FLUXES IN IRON-WATER MIXTURES 


D. L. Broder 


The dependence of the fast-neutron relaxation length on the concentration of iron in water was measured, 
The neutron sources used were the reactions D (d, n)He® (neutron energy Eg = 4,0 + 0.2 Mev) and T(d, n)He* 


(neutron energy Eg = 14.9 + 0.4 Mev), The values of these energies correspond to an angle of 0° between the 
deuteron beam and the direction of neutron emission, 


The dimensions of the sources did not exceed 0.7 cm’, The maximum deuteron current for the reaction 


D(d, n)He® was 30 pa and for the reaction T(d, n)He* was 12 pa. 


In addition, a Po + Be neutron source,. 
made in the shape of a cylinder 6 mm in 
diameter and 20 mm in length, was used, The 
iron-water mixtures consisted of an assembly 

of steel blocks, 60 x 60 cm? in area, placed 
* a in a water tank, Gaps, filled with water, were 
left between the blocks, By changing the . 
thickness of the steel blocks, leaving the gaps 
unaltered, the concentration of iron in the 
water could be changed, The dimensions of 
the water tank were 900 x 900 X 1000 mm, 
This tank was surrounded by shielding tanks 
containing water and paraffin, 


25 


20 Pulse ionization chambers with a layer 
of fissioning material were used as neutron 
detectors, The chamber electrodes consisted 

5 of two nickel strips, coated on both sides by 

/ the fissile substance, The thickness of the 


2 
4 layer was 2.5 mg/cm?, The total quantity 
i... 
6 


Relaxation length, \p, cm 


A - 10 of the fissile substance present was about 1 g. 


—— The strips were folded into a spiral, The 


7a | dimensions of the spirals were: diameter 25 mm, 
5 
length 37 mm, 


20 


Concentration of Fe, % (by vol.) The thermal neutrons were detected with 


a chamber containing enriched uranium, fast 
Relaxation length in water, iron and iron-water . 732 ’ 
neutrons by a,chamber with The neutron 
mixtures (thickness of matter 10-15 mean free paths), 
source was placed at one end of the tank in a 
1) Neutrons from Po + Be source; 2) neutrons with : ‘ 
‘ stricily fixed position, The detectors were 
E,=14.9Mev; 3) neutrons with = 4 Mev; 
I placed in the water gaps between the steel 
@ ) thermal neutrons; - -O — - ) fast neutrons, sheets at various distances from the source, 


I 
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An experimental verification of the conditions for "infinite geometry," taking into account the con- 
tribution of y-rays to the neutron-detector counts, was carried out, 


The dependence of the relaxation length for neutrons with initial energies Eg = 4 Mev, E 9 = 14.9 Mev 
and neutrons from the Po + Be source is given in the figure. 


The relaxation lengths were calculated from the attenuation curves for fast- and thermal-neutron fluxes 
at distances from the source of 10-15 mean free paths, The values of the relaxation lengths given in the 
figure are averages for this region of thickness of material, 


From the figure it can be seen that the fast-neutron relaxation length for neutron sources with an energy 
E» = 14.9 Mev and the Po + Be source decreases with an increase of iron concentration in water, However, the 
relaxation length of thermal neutrons, produced by the slowing down of fast neutrons, has a minimum at a 
concentration of iron of about 60% by volume. 


In conclusion the author expresses his deep gratitude to Dr, A, K, Krasin for presenting the problem in- 
vestigated and for a number of valuable suggestions during the discussion of the results, 
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THE ATTENUATION OF y-RAYS PRODUCED BY NEUTRON ABSORPTION 
IN IRON-WATER MIXTURES 


V., I. Kuchtevich and S, G, Tsipin 


The effect of the concentration of iron in water on the relaxation length of y rays, produced by neutron . 
capture, was studied, The neutron sources used were the reactions D (d, n)He® (neutron energy Ey = 4,0 + 

+ 0.2 Mev) and T(d, n)He* (neutron energy Eg = 14,9 + 0.4 Mev), The values of these energies correspond 
to an angle of 0° between the deuteron beam and the direction of neutron emission, The area of the target 
irradiated by deuterons did not exceed 0.7 cm’, The deuteron current at the target for reactioa D (d, n) He® 
was 30 pa and for the reaction T (d, n)He* was 12 pa. 


The experimental arrangement consisted of a water tank into which iron sheets of area 60 x 60 em? 
were placed, These sheets were arranged so that there were gaps between them filled with water, Changes 
of the iron concentration in water were made by altering the thickness of the iron sheets without changing 
the size of gaps between them, 


A small ionization chamber of volume 
40 1.5 cm? and a y counter, about 4 cm’ in volume, 
served as y -ray detectors, The body of the 
g ionization chamber was made from graphite and 
the insulator from teflon, The neutron source and 
the y-ray detector were placed in the water gap 
between the iron sheets, the neutron source being 
fixed in one position while the detector was 
placed at different distances from the source, 


A The verification of the conditions for an 

~~ : “infinite geometry® [1] was carried out experi- 
>’ 4 / mentally, The contribution of neutrons to the 
r y -detector counts was made theoretically and 


The figure shows the dependence of the 
: effective relaxation length of y-rays, produced 
tad by neutron capture, on the iron concentration, by 
59 2 100 volume, in iron-water mixtures for two values of 
Concentration of Fe, % (by vol.) the initial neutron energy, Eg = 4 Mev and 
E, = 14.9 Mev. The effective relaxation lengths 


S 
+ 


Relaxation length 


The dependence of the effective relaxation were Calculated from the attenuation curves for 
length of y rays, produced by neutron capture, y -rays produced by neutron capture in iron-water 
on the concentration of iron by volume in an _ mixtures of thickness from 25 to 80 cm, As can 
iron-water mixture, . be seen from the figure, both curves show a de- 
1) Eg = 14.9 Mev; 2) Eg = 4.0 Mev; finite minimum of the effective relaxation length 


I 


r at an iron concentration of 60% in an iron-water 
@ ) experimental points; ©) calculated values 
I 


mixture, 
from Equation (1), 


; 
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The computed values of the effective relaxation lengths ry (for Ey = 4 Mev) were calculated using the 
empirical formula 


r 


where ,, is the relaxation length of thermal neutrons in the fron-water mixture [2] and pep is the effective 
absorption coefficient for the mean energy of y-rays fo:med by neutron capture in an iron-water mixture, 


In conclusion the authors express their deep gratitude to Dr, A. K, Krasin for presenting the problem and 
for a number of valuable suggestions during the discussion of the results, - 
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Such problems are met, for example, in shielding calculations, in the calculation of doses on the surface 
of water tanks contaminated by activated waste, in the geological prospecting for radioactive elements, etc, 


The geometrical conditions for the propagation of radiation in such cases are typical of the so-called 
“poor geometry," In such conditions the scattering and multiple scattering of the radiation can play a signifi- 


cant and even a main role in the production of the dose, 


In the present work the absorption in water of y-rays from a point source was studied experimentally, 
The theoretical calculation of the absorption in such cases is complicated and has not been carried out up to 
the present, The results of this experiment have been used to calculate the dose from a uniformly-distributed 


y -ray source in water, 
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THE ABSORPTION IN WATER OF y-RAYS FROM Au!9®, Co® AND Na?4 


In a number of laboratory and technical problems it is necessary to calculate the y-ray doses on the 
surface of an absorber in which a y-ray source is situated, 


The y-ray point source was placed under water, The intensity of the y-ray dose above the surface was 
measured with different thicknesses of water above the source, 


£,+44u 28 Mev 
Lyop =2.1Mev 


Fig, 1. The attenuation by water of the dose intensity of y-rays from point sources; a) Co™; by Au! 
Na™, 1) Attenuation of the dose intensity above the water surface; II) the approximate exponential law for 
the attenuation of the dose intensity above the water; III) attenuation of the dose intensity in a uniform 


aqueous medium; IV) exponential law for the attenuation of the dose intensity without taking into account 
the effect of the scattered radiation; V) tansition region of the curve for r > rg. 
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The measurements were carried out using a water tank 2,5 X 1.5 m in size, at the center of which the 
source was placed, P, the intensity of the dose above the water, was measured with a shallow ionization 
chamber with bakelite walls, coated on the inside with carbon, 


The results of the measurements are given in Fig, 1 in the form 1/K asa function ofr, where K (r) is 
the attenuation coefficient, equal to the ratio of the dose intensity Pg at the point of measurement when the 
tank is empty to the dose intensity P, at the same point when the source is covered by a layer of water of 
thickness , 


The coefficient K (r) has been measured for each source, with two fixed distances rg between the source 
and the point of measurement, 


In experiments with Au’®® and Co™ sources the value of r_ was varied to the extent that it became larger 
than fo, i.e., the water covered the chamber, and the measuring conditions approached those for measurement 
in a uniform aqueous medium, 


The results of these experiments can be compared with the data on the dose distribution of y-rays.from 
point sources in a uniform medium, Such a comparison gives additional information on the distribution of 
radiation in a uniform medium, in particular about the anisotropy of the scattered radiation, 


For comparison Fig, 1 gives 1/K (r), om: Measured by the authors in a uniform aqueous medium, In 
this case the source and the detector are situated deep in the water; r_ is equal to the distance between the 
source and the detector, 


The form of the curve for 1/K (t),om is in agreement with the published experimental data [1, 2] and 
departs from the theoretical calculation [3] only for Au 198 radiation, 


The following remarks can be made concerning the form of the attenuation curves K (rt): 


1, For smallr_ the value of K (r) is found to be less than unity, i.e., the water not only does not 
attenuate the radiation coming from the source, but even augments it, This is explained by radiation scattered 
by the water, The measurement of K (r) for r = 0 enables an evaluation to be made of the magnitude of the 
radiation back-scattered from the water surface in the case when the source is above the water surface, 


2. With the values of rg used there is no difference between the curves of K (t) for points of observation 
at different heights above the source, A small deviation for different rg is only observed when the water level 
is in the immediate vicinity (< 5 cm) of the detector, 


3, After the water level passes through the point of measurement, i.e., for r > r9, the measured dose 
intensity increases and the value of K (r) approaches that of K (t),omp for an infinite uniform aqueous medium, 
The increase of the dose intensity occurs because of y-ray scattering by the upper layers of water, The pre- 
sence of the water above the chamber increases the dose intensity at the point of measurement by 1.3 (Co®) - 
1.65 (Au*) times, The back-scattered radiation comes from layers of water which are not more than 10-15 
cm above the point of measurement, A further raising of the level does not change the magnitude of the 
measured dose, 


4, The function K (r) is not exponential, However, in certain regions, without a big error it can be 
approximately written in the form 


eff . (1) 


The coefficients a and dg¢¢ for y-rays of various energies (see Fig, 1) are given in the table, Asa 
comparison, values of X» are given for the exponential law for the attenuation of the primary radiation without 
taking into account the detection of the scattered radiation. 


Aeff and a for Na™ y-rays with an energy of 2.8 Mev are calculated from the data of Fig. 1, a and 
1, c . In the calculation it was assumed that K (r) for the Na” y -rays of energy 1.4 Mev is the same as that 
for Co™ y-rays, 


\ ; 

3 

800 


Source 


0 41 1.17 2.8 2.8 
enefgy and and 
Ey, Mev 1.33 1A 


Mean 


y-ray 


Mev 


a 1.36 1.33 4.23 
hoff. cm 18 24 34 39 
ho, cm 9.6 16 _ 25 


The exponential form for the dependence of K onr_ is suitable for the practical calculations of y-ray 
attenuation, It was used for the calculation of the dose intensity above the surface of water which contains a 
uniform distribution of y activity with a density of p Mev/em*-sec, In such a problem, the straight lines 
joining the individual point sources to the point of measurement make different angles y with the water sur- 
face, In the calculation it was assumed that, for all the angles ¢, the dependence of K on r_ is the same if 
ris taken to be the y-ray path in the water along the straight line joining the source and the point of 
measurement, This assumption was verified experimentally for the Co™ radiation, In the interval of ¢ 
from 90° to 24° and in the range of r from 0 to 60 cm, for rf» = 150 cm the function K (r) did not depend on 
y. For other values of g and r_ this function was not measured, If the radiation, going from every source to 
the point of measurement, is attenuated according to Equation (1), then the dose intensity P, at a height h 


above the surface of uniformly-active water due to radiation from an upper layer of water of thickness x9 
(Fig. 2), is equal to; 


h2nrdrdx 


© xl 


To 
= dx \ e “eff 


Here Ej is a tabulated function [4]; 1 is the coefficient connecting the intensity of the y-radiation in 


Mev/cm?+sec and the dose intensity in r/sec, For radiation of energy between 0,1 and 2.5 Mev, n has the 
value 4,2°10°" to 5.6°10° r+cm’/Mev. 


In integrating with respect to 1, from Lg to oo, the dose intensity calculated is P(l9, 0), arising from 
the layer of water of infinite extent with the exception of the region for which ly < 1 < h, 


In integrating with respect to 1, from 1g=h to, the dose intensity P(h, oo), from a layer of 
water of infinite extent, is calculated, 
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x9 © 
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+ (1+ ‘eff )} 


It is » interesting to note that in this case the dose intensity does not depend onh, This is correct if the 
~attenuation and scattering of the radiation by the air above the water can be neglected, i.e., whenh < 20-50cm, 


Detector 


10 20 30 40 50 

Fig. 2, Diagram for the calculation of the Thickness of the layer of active water Xo, cm 
dose intensity above the surface of active 


water, The symbols are defined in the text, Fig, 3. The function F (tg, x9) for the determination 


of the dose intensity at a height 1 m above the surface 
of uniformly-active water, f9 is the radius of the 
The dose intensity above an infinitely- region of active water, 
thick layer of active water (for x —* ) is 
equal to: 


oh 
P (lo, oc) =an 


P (h, co) = 29-5 hoff 


The dose intensity above an end layer of active water with a thickness xg and a radius rg =¥ U5 -1" 
is equal to 


P (ro, h, (h, (lg, co) = 


F (79, h, Xo). 
\ 
The calculated dependence of F onry and x9, forh = 1m and for radiation of different energies is 
given in Fig, 3, As can be seen from Fig. 3, the dose intensity above an active area of water, several tens of 


centimeters thick and with a radius greater than 5-10 h, is not very different from the dose intensity above a 
semi-infinite layer of active water, Without incurring a large error it can be calculated from the equation 


P =an-+ dest 


P (h, c0)=a £. {= [ —Ei (--)] + 
heff 
40 coo 
: 
SA 
4 Water 
20 


A considerable part of the experimental material, given in this article, was obtained by V. N, Pilyugin 
in 1954, 


The author thanks Professor O, 1, Leypuchin for his supervision, 
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AN INVESTIGATION OF y-RAY BACK SCATTERING 


U. A. Ulmanis and N, A, Dubinskaya 


In using y -tadiation it is often important to know the role played by the back-scattered y -radiation 
{1, 3, 5]. In the present work the back scattering of y-rays by various materials has been investigated. 


For this purpose a scintillation y-spectrometer with a Nal(T1l) crystal, 30 mm in diameter and 15 mm 
in height, has been used, The resolving power of the spectrometer for a y-line of 320 kev (Cr®#) was 15%, 


The y-radiation sources used were the 
radioactive isotopes and Co™ 
(y-quantum energy — 320, 662 and ~1250 
kev, respectively), The activity of the pre- 
parations was ~ 1 yc. 


In the investigation of the y-ray back 
scattering the point source of y-radiation was 
in contact with the scatterer at a distance of 
2 cm from the crystal, 


Plates of aluminum, iron, zinc, cadmium, 
lead, brass and paraffin were used as scatterers, 
The area of the scatterer was 30 cm? for 
aluminum and 16 cm?’ for lead. 


Figure 1 gives the relative intensity of 
the scattered y-radiation as a function of the 
scatterer thickness, 


Lead 
Along the ordinate is plotted the value 
Thickness of scattering, g/cm? of q, which is the ratio of the height of the 
peak corresponding to the y-ray back scattering 
Fig. 1, Intensity of the scattered Cr®! y-radiation when the scatterer is present to the height of 
as a function of the thickness of the scatterer, the peak without the scatterer, 


From Fig, 1 it is seen that for thicknesses 
greater than 7 g/cm? the value of q does not incense significantly as the thickness is increased, 


For the determination of the Z-dependence of the relative intensity of the back-scattered y-rays, 
plates 7 g/cm? thick were used, The experimental results are given in Fig, 2, from which it can be seen that 
the intensity of the scattered y-rays has a maximum value for scatterers of iron, Curve 1 is the spectrum of 
Cs™* y- rays obtained without the scatterer, The peak with an energy of ~180 kev is produced by the back 
scattering of the y-radiation in the Nal(T1) crystal [4]. 


The dependence of the scattered intensity of Cs¥7 y-tays on the Z of the scatterer is shown in Fig. 3. 


| 
| 


Discrimination level 


Fig, 2, The spectrum of Cs? y-rays using scatterers with 
different Z, 

1) Spectrum obtained without a scatterer; 2) paraffin 
scatterer; 3) lead scatterer; 4) aluminum scatterer; 5) 


cadmium scatterer; 6) zinc scatterer; 7) brass scatterer; 
8) iron scatterer, 


scatterer, 
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Fig. 3. The dependence of the scattered intensity 
of Cs 87 y-fays on the atomic number Z of the 


Fig. 4, The dependence of the scattered intensity 


of Cr! and Co® y -radiation on the Z of the 
scatterer, 
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The curve in Fig, 3, constructed from the data of Fig. 2, has a maximum at Z = 26, When the energy 
of the primary y-radiation is changed the position of the maximum does not change significantly (Fig. 4), 


It can be seen from Figs, 3 and 4, that for small Z (up to 30) the intensity of the back-scattered y-rays 
is greater for low energies of the primary y-radiation, For Z in the interval 25-35 the maximum of the 
scattered radiation is observed, the magnitude of which is greater for small energies of the primary y-radiation, 
For large Z the intensity of the scattered y-radiation decreases, a more rapid decrease being observed for 
primary y-rays of lower energies, 
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of the radiation Ey i 


E. < 1 Mev. 


Y 


E,,Mev 


Fig. 1, The dependénce of the counter sensitivity 
C/J on the energy of the radiation E, . 

1) 400-SBM-2 counter with a copper sheath; 

Il) AS-2 counter with an aluminum sheath; 

Ill) 400-SBM-2 counter with a special sheath, 


is decreased and then, for Ey < 250 kev, rapidly increases, 


A COUNTER WITH SENSITIVITY LITTLE DEPENDENT ON THE y-RAY ENERGY 


V. Sakharov 


In the measurement of the intensity of y-radiation with a complex or undetermined spectral composition 
using Geiger counters it is desirable to use counters whose sensitivity C/J (the ratio of the counting rate C to 
the intensity of the radiation J, {.e., the radiation energy flux in Mev/cm?*-sec) is independent of the energy: 


The measurements and calculations of a number of authors [1-4] have shown that the sensitivity of the 
ordinary counters with aluminum, copper or lead cases depends on Ey to a large extent, particularly for 


In Fig, 1 are given curves, obtained by us, of the measured dependence of C/J on E,, for a copper 
and an aluminum counter, The data for the aluminum counter were obtained for an AS-2 §-counter in an 


As can be seen from Fig, 1, the sensitivity of the aluminum counter strongly depends on E,, and has a 
deep minimum for E, s 200 kev. The sensitivity of the copper counter at first falls by 20 to 30% as Ey 


aluminum sheath 3 mm thick, The data 
for the copper counter were obtained for 

a 400-SBM-2 counter in a copper sheath 
1mm thick, The counter 400-SBM-2 is 
of an experimental construction, It has a 
steel wall 30 p thick, Its length is 103 mm 
and diameter 17.5 mm, 


The radiation from a number of 
radioactive isotopes was used for the 
measurements, The energy of the y-radia- 
tion of these isotopes, given in the table, 
were determined by the method of ab- 
sorption under conditions of the so-called 
"good geometry," 


During the measurement of C/J, 
the sources were placed in turn at a dis- 
tance of 1m from the counter, 


The intensity of the radiation in- 
cident on the counters was determined 
with the help of an ionization chamber 
(with walls of bakelite covered by aquadag), 
calibrated by a standard Co™ source, The 
activity of the standard source was deter- 
mined with an accuracy of + 5%, 
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We have attempted to obtain a counter with a better characteristic by choosing a combination of 
materials for the counter wall which decreases the sensitivity to the soft radiation and increases the sensitivity 
in the region of the minimum, This work was done with the 400-SBM-2 counter, 


Isotopes 
Hgie7 | Celi | Hg203 | Autos | Cust | 7n65 | | Na24 


The energy of the y-ray | 


0,44 ~0.6 1,47 1.4 
0,08 | 0,36 | 0,28 | 0,33 | 0.41 | 0.51 |~0.8 | 1.15 | 1,33 | 2.8 
Mev 


The measured mean 


energy of the y-rays,| 0,08 | 0.19 | 0.28 | 0.33 | 0.44 | 0.51 | 0.72 | 1.45 | 1,25 2,4 
Mev 


In making the choice, we used the fact that the introduction into the sheath of materials with a Z 
higher than that of copper will increase the sensitivity of the counter for E,, < 1 Mev, thus increasing the 
efficiency of detecting soft y-quanta, At the same time these materials can be used as absorbers for the 
softer radiation so that the sensitivity is decreased for E,, < 200 kev, The best results were obtained with a 
sheath consisting of tin foil 0.12 mm thick, in direct contact with the counter, and lead foil 0.25 mm thick, 
The tin and lead were separated by an aluminum layer 1-2 mm thick, Tin increases the counter sensitivity 
for 200 kev < E, < 1 Mev and has no effect at other energies, For E., < 200 kev the counter efficiency 
is determined by the material of the counter wall itself, ice., stainless steel, The lead serves as an absorber 
of the soft y-radiation, The aluminum filters out the electrons coming from the lead, 
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Fig. 2, The dependence of C, the counting rate of the counter, on the 


angle of incidence ¢ of the radiation for a 400-SBM-2 counter, 
a) Counter with a copper sheath; b) counter with the special sheath, 


In Fig, 1 the improved dependence of C/J on Ey for a 400-SBM-2 counter with such a filter is given 
by Curve Ill, The dotted line shows the average value of C/J = 0.13 cm*/Mev for this counter, For the 

energy Ey from 400 kev to 2,8 Mev the deviation of the counter sensitivity from the mean value does not 
exceed 3-4%, while for the energy Ey from 100 kev to 2.8 Mev it does not exceed 15%, 
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The efficiency of the counter € (the ratio of the counting rate to the number of incident y-quanta per 
sec) in the interval of Ey from 0.1 to 2.8 Mev can be written iu the form 


where Ey is the y-ray energy in Mev; S = 20 em is the area of the counter and N. = JS/E 
tion from the value of € in the whole of the above interval of Ey does not exceed 15%, 


The devia- 


As can be scen, such a counter is a suitable instrument for measuring the intensity of radiation whose 
spectrum is complex, unknown or changes in time, 


Other typical counters (aluminum, glass or with stee]. walls 60-80 u thick) investigated by us, proved 


less useful for this purpose, Their walls are too thick and, therefore, their sensitivity in the region of minimum 
sensitivity cannot be increased with the help of a heavy sheath, 


It seems to us that the method described can give even better results if counters are constructed specially 
’ for this purpose, for example, with walls of heavy alloys, 


All the data, given above, were obtained for the case of y- quanta incident normally on the counter :axis, 
If the y- quanta ate incident at acute angles or have various directions in space, then it is necessary to take 


into account the dependence of the sensitivity on the angle of incidence of the y- quanta on the counter axis, 
An idea of this dependence can be obtained from the data of Fig, 2, 


The subject of this work was suggested by Professor O, 1, Leypunsky, 


A considerable part of the experimental material was obtained by B, P, Bulatov, P, M, Khizovets, and 
A, Rogachkov, 
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SCIENTIFIC AND TECHNICAL NEWS 


NUCLEAR RESEARCH AT THE LARGEST PROTON- 


SYNCHROTRON IN THE WORLD 


Scientists from the eleven countries which make up the Joint Institute for Nuclear Research — Albania, 
Bulgaria, Democratic Republic of Vietnam, Hungary, German Democratic Republic, Chinese National Republic, 
Mongolia, Poland, Rumania, USSR, Chechoslovakia ~ have received a present. 


On April 16, 1957 protons were accelerated to an 
energy of 10 billion electron volts at the proton-synchro- 
tron of the Joint Institute for Nuclear Research which 
is the largest machine of its kind in the world. The 
efforts of a large group of Soviet scientists, engineers 
and workers were required to realize this step forward 
in Socialist technology. 


The accuracy of the engineering calculations 
and the quality of the adjustment operations can be 
judged from the following fact. The first oscillogram 
indicating that quasi-betatron operation was achieved 
was obtained on March 15, 1957. Within 32 days the 

energy of the accelerated protons was increased to 
10 billion electron volts. 


Immediately after the machine was set in operation a research program for the machine, which had 
been planned in advance, was started. One of the first stars obtained by physicists working with thick photo- 
graphic emulsions, irradiated by the accelerated protons, is shown in the figure. 


Nuclear research at the proton-synchrotron will make it possible for Soviet scientists to penetrate deep 
into the secrets of matter. 
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STUDY OF ™-MESON PRODUCTION WITH A 
LIQUID HYDROGEN CHAMBER 


At the present time work on the investigation of the production of ™ -mesons by neutrons on protons using 
a hydrogen bubble-chamber 10 cm in diameter and 10 cm deep is in progress at the Joint Institute for Nuclear 
Research. 


Photograph of tracks of recoil protons obtained with a hydrogen bubble- chamber. 


The figure contains a photograph showing tracks of recoil protons which were obtained with this instru- 
ment. 


The chamber was constructed and operated by S. Ya. Nikitin, V. T. Smolyankin, V. Z. Kolganov and 
A. V. Lebedev. 
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THEORETICAL INVESTIGATIONS IN THE FIELD OF 
CONTROLLED THERMONUCLEAR REACTIONS 


Recently, a number of articles of a theoretical nature have appeared in the foreign literature on the 
question of the possibility of producing thermonuclear reactions in a plasma, 


In the papers of Post{1] and Thompson [2] calculations of the speeds of a number of thermonuclear reac- 
tions are given. The speed of a thermonuclear reaction per unit volume of gases with densities of nuclei ny and 
Ng is equal to nynd Vv, where Gv is the mean value of the product of o, the reaction cross section, and v, the 
relative velocity of the colliding nuclei. The value of the reaction probability ov as a function of W, the energy 
of the colliding nuclei, is given in Figs. 1 and 2. In paper (1) the power released per unit volume of the plasma 


“50 


Energy W, kev Energy W, kev 


Fig. 1. D+D and D + T reaction probabilities. Fig. 2. T+T,D+ He’, D +Li® and D +Li’ reac- 
tion probabilities. 


is also calculated as a function of the density of deuteron nuclei for the reactions D + D and D + T (Fig. 3). 
From the Figure it can be seen that even at densities of nuclei equal to 10™4 to 10°5 that of the density at atmos- 


pheric pressure the power released, in the region of minimum sensitivity, cannot be increased with the help of 
a heavy sheath, 


The mean lifetime of nuclei between reactions can be fairly large, which imposes definite requirements 
on the size of the system and the purity of the gases. In Fig. 4, taken from reference [1], are shown the mean 
distances traversed by the nuclei before they take part in the reaction as a function of the density of nuclei. 


In the papers of Post [1], Lawson [3] and Linhart [4] the critical temperature necessary to start the thermo- 
nuclear reactions is evaluated. In the papers of Post [1], Pease [5] and Taylor [6] the methods of producing 
thermonuclear reactions in a plasma by passing large currents through it are discussed. Paper [1} also considers 
the phenomena characteristic of a fully-ionized gas. The theory of the production of shock waves in a plasma 


during the process of electromagnetic contraction when passing current pulse’ of large power through it is given 
in Allen's paper 
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Relative density of deuterium nuclei oo” 


100 w/cm? 


Mean free path, cm 


0" 0° 0” 0 0% 
Density of deuterium nuclei, nuclei/em® 105 |- 
Fig. 3. The power released per unit volume of gas 
in the reactions D + D and D + T as a function of 
the density of deuterium nuclei when the nuclei 
collide with an energy of 100 kev. In the case of 


103 


the reaction D + T, a mixture of equal numbers of Density of deuterium nuclei, nuclei/cm’ 
2 .Fig. 4. The mean free path as a function of the 
per unit volume of a reactor using nuclear fission. 


density of deuterium nuclei when the nuclei collide 
with energies of 10 and 100 kev. 


In paper [4] methods of extracting energy from a thermonuclear reactor are discussed, In the case of 
the reaction D + T the use of a combination of a thermonuclear and a fission reactor is proposed, The major 
fraction of the energy (80%), produced by the reaction D + T,is carried away by neutrons, which get into a 


reactor with natural uranium and thorium using fast neutrons. In this way, it is suggested to accomplish an 
expanded production of tritium. 
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THE ARGONNE LABORATORY'S TWO REGION COMBINED REACTOR 


In the USA and in England investigations are under way on the possibilities of an energy producing 
reactor possessing a high conversion factor, good controllability, and safe operation, 


In this connection, the information on the progress of two region combined reactor projects, appearing 
over the past months in the foreign press, is worthy of attention, A reactor of this type is basically composed 
of two reactors that are linked by the mutual action of neutron currents, Each of them, individually, is sub- 
critical, 


In one region of the combined reactor a major portion of fissions occur from fast neutrons, and in the 
other region from thermal neutrons, 


It is known that in fast reactors the conversion factor can be greater than unity, However, reliable con- 
trol of such a reactor is not easily established, 


At the same time, thermal reactors that are reliable in control, have fuel conversion factors less than 


unity, 


In England, investigation of such combined systems is conducted at Harwell on the experimental reactor 
"Zephyr." 


In connection with the program of investigations of fast reactors, the Argonne National Laboratory (USA) 
has set up a series of exponential experiments and has actually assembled a critical reactor, 


In December of last year, at the meeting 
of the American Nuclear Society (ANS) in 
Washington, a report was delivered on investi- 
gations in this field in which a description was 
given of the two region, zero power, critical 
reactor ZPR-5, 


Basic features of the reactor are as 
follows, In the reactor ZPR-5 the internal 
central region is a sub-critical assembly, in 
which neutron multiplication is effected 
mainly by fast neutrons, and the external 
region is a sub-critical thermal reactor, It 
is possible, if necessary, to place an intervening 
layer of natural uranium between the two re- 
gions, which will be the conversion region, 


The reactivity contributions of the in- 
ternal region and reflector do not add up to 
over 50%; this reduces the definite danger 
associated with operation of a fast reactor, 
and lowers the total required mass of g~ 

Fig. 1, Two region, zero reactor (ZPR-5), installed at relative to the mass that is required for a one 
the Argonne National Laboratory (view from above), region fast reactor, 
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The design of the ZPR-5 reactor (Fig. 1) allows easy access to the core, making fuel reloading operations 
easy. 


The central region, whose contribution to the total reactivity of the reactor is about 18% (without uranium 
reflector), is placed in a metal tank whose dimensions are 56 X 56 X 56cm, 


“Into this tank (Fig, 2), called the sub-critical assembly tank, are inserted up to 49 fuel assemblies, each 
of which is a hollow metal case 7,6 X 7.6 X 56 cm, into which is placed a bundle of thin plates containing 
U5. Between the plates. is the coolant or a coolant simulator, By changing the number of plates in a bundle 
it is possible to change the volume ratios of fuel, coolant, and structural materials, 
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Fig, 2, Vertical cross section of reactor schematic diagram, 

1) Water delivery pipe to shield tank; 2) water delivery pipe to reactor tank; 

3) external region of the reactor; 4) mechanism for movement of neutron source; 
5) neutron source shielding; 6) layer of uranium (if required); 7) overflow pipe 
(maximum water level 2,6 m); 8) tank for sub-critical assembly; 9) regulating 
rod actuator; 10) shielding tank with water; 11) reactor tank; 12) upper re- 
flector; 13) regulating rod; 14) sub-critical assembly; 15) lower reflector; 

16) water drain line from sub-critical assembly tank, 


Initially the experiments were run with the following content of materials in the central region; 


Uranium 35% 
Iron 10% 
Aluminum (simulating 

the sodium coolant, 

equivalent to ~55% 

Na) 14% 
Voids ; 40% 


The fuel bearing assemblies are installed directly on the lower reflector, The reflectors (the lower one 


and the four at the sides) ate composite: an inner layer 15,2 cm thick is of natural uranium, the outer layer, 
also 15,2 cm thick, is of steel, 
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To preclude any dangerous accumulation of water in the central region (even though there {fs little likeli- 
hood of accumulation), the lower reflector has been equipped with a water drain line, 


The upper reflector consists of a layer of natural uranium (10 cm) and a layer of steel (20 cm) and is 
fastened directly to the fuel assemblies, which precludes any possibility for their displacement during reactor 
operation, 


For insertion of measuring instruments the central region is equipped with a space 6,3 cm’ in area, The 
outer region (Fig, 3) consists of four sections, located at the sides of the central region, 


Fig, 3. Horizontal cross section of reactor schematic diagram, 
1) Water drain line from reactor tank; 2) reactor tank; 3) 
layer of uranium; 4) sub-critical assembly tank; 5) sub- 
critical assembly; 6) support frame for outer region; 

71) outer region; 8) safety rod; 9) neutron source; 10) 
regulating rod; 11) water drain line from sub-critical 
assembly tank, 


The U™* joading of the outer region consists of about 2.2 kg, The fuel in the form of plates of uranium — 
aluminum alloy is covered by aluminum cladding, Each plate holds about 16 g of u™5, Between two rows of 


fuel plates are placed safety plates about 25 cm wide, Next to the safety plates are located regulating plates, 
two to each safety plate (about 7.5 cm wide), 


Ordinary water serves as the moderator in the outer region, The volume ratio of metal to water may be 
changed between limits of 0.4 and 1, 


After insertion of the rods and lowering of the water level the reactivity of the outer region falls to 17%, 
Thus, control of the reactor may be effected by regulating the outer region only, 


The inner region is elevated above the outer by about 23 cm, The water is pumped into the outer region 
until the box container of the outer region is filled completely, Excess water flows back to the reservoir tank, 
In an emergency the water from the outer region is dumped through a water main about 20 cm in diameter, 


In the interest of safety the reactor is provided with a series of interlocking artangements, For instance 


there is an interlock on the door leading to the reactor chamber, which operates to dump the water and drop the 
regulating rods if anyone enters the reactor chamber, 
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The other interlock precludes lifting of the regulating rods before the water has risen to the required 
level or before the safety rods have been withdrawn, 


There is automatic control of water level elevation, When criticality is being approached the rate of 
addition of water becomes very low, Regulation of the inlet water flow through the inlet valve is accomplished 
with the aid of a special relay system, connected through an amplifier to two counters floating on the water 
surface, The operator can control the water level by visual observation and also through special instruments, 


For measurement of neutron currents a special fission chamber is used which by means of a special 
arrangement can be moved over the whole reactor, Changes in position of the fission chamber can be made 


in a continuous manner in both the vertical and horizontal directions, This way a family of curves of neutron 
current in two directions was obtained, 


The experimental program was planned to include the following measurements for each combination of 
active core and conversion region; i 


1) measurement of neutron currents in the reactor; 


2) measurement of reactor period through introduction into the outer region of absorbers with absorption 
cross section that varies in accordance with the 1/v law; 


3) measurement of the neutron spectrum; 


4) measurement of the fission cross section for various materials in the inner region, the ratio of ab- 


sorption cross section to fission cross section for U%*, *reactivity worth" of the fuel in the inner region, danger 
coefficient of various materials, 


The completed investigations will allow definite conclusions to be made on the feasibility of operation 
of two region combined reactors in atomic energy industry, 
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CONSTRUCTION OF REACTORS IN WEST GERMANY 


At present the German Federal Republic does not experience any great lack of electrical energy, al- 
though in the near future it may be expected as a result of the rise in uses of energy, The GFR began de- 
veloping atomic industry considerably later than the USA, England and France, The energy resources of the 
GFR do not force her to develop quickly nuclear energy, as in England, but at the same time the GFR does not 
command the opportunities of raw resources of the USA, All this has placed a definite pattern on the methods 
and avenues of development of nuclear energy in the GFR, The course of development of nuclear energy in 
the Federal Republic lies midway between the courses of development in the USA and in England, 


The Minister of Atomic Energy of the GFR, Balke, speaking in the Bundestag [2] on the subject of atomic 
energy development in the GFR, said that the Federal Republic basically is planning on obtaining reactors from 
abroad, Operation of these reactors will allow acquisition of essential experience in the use of reactors for 
production of electrical energy, and will allow training of operating personnel, 


The present level of development of reactor technology does not allow concentration on one particular 
type of reactor, There are about 20 possible types of reactors, and for this reason it is proposed in the GFR to 
conduct critical studies of the economic premises of construction of reactors of various types, It is proposed to 
construct high power as well as low power reactors, utilizing the experience of foreign nations in the building 
and operation of energy producing reactors, especially reactors of a type that might be expected to compete 
in costs of energy with the costs of energy from common thermal electro-stations, There will be built reactors 
of electrical power output of 100 Mw and higher, In developing original reactor types they will concentrate 
on reactors of 10-15 Mw electrical power output (2). 


By 1965 [1] there may be built in the GFR 3-4 atomic electro-stations of total power of 500 Mw, It 
is assumed that the economy of these stations will be strongly influenced by the large demand for electrical 
energy from atomic industry itself, partly from isotope separation installations, since it is expected that the 
industry will at that time be using 700 Mw of electrical energy, 


In the coming 5-10 years only high power reactors for plutonium production will be constructed, and it 
is not proposed [1] to use these reactors for generation of the by-product electrical energy [2]. 


In spite of the fact that only recently the design of reactors was begunin the GFR, a certain confusion in 


their program of construction has developed, In connection with this the Ministry of Atomic Energy is faced 
‘with the task of coordinating planning [3]. 


The program envisions wide construction of research and experimental reactors, During 1957 three 
research reactors of the pool type ate scheduled to go critical, The first reactor, of 1-5 Mw power, is being 
built in Hamburg, It is intended for study of the problems associated with the use of nuclear reactors aboard 
ship, The second reactor is of 0,1-1 Mw power, being built in Munich, and scheduled to enter operation in 
the summer of 1957, The third reactor of 2 Mw power, is being built in Cologne, This reactor will be used 
for research by individual scientists and universities of the state of Northern Rhein-Westphalia, 


It is further planned to build three more research reactors; Karlsruhe - heavy water reactor of 10 Mw. 
Completion is marked for 1959, This reactor belongs to private interests and the government of the GFR is 
financing only 30% of its cost, of construction [2]; Frankfurt - homogeneous reactor of 50-100 kw thermal 


power, This reactor, purchased in the USA (California), is marked for operation during the summer of 1957 
[4], — West Berlin — homogeneous reactor [4]. 
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Near Frankfurt is planned the erection of an experimental atomic electro-station of 10-20 Mw electrical 


power (the reactor is of the pressurized water type), Some units of this station will be fabricated and tested 
by English and American firms {1). 


ee 


OF 


Boiling water reactor designed for Germany, 
- 1) Core; 2) boiling water; 3) heat exchanger; 4) steam 


outlet; 5) fuel loading room; 6) tank for fuel storage; 
1) regulating rod actuators, 


It is also proposed to build.a material testing reactor (heavy water type, 20-60 Mw power, obtained 
abroad) near Cologne; an experimental electro-station with a pressurized water reactor, in Dusseldorf; two 


experimental atomic electro-stations and three small research reactors, two of which are being designed by 
the company of Max Planck and one by a university in Mainz [1]. 


The Landtag of the state of Northern Rhein-Westphalia has approved plans for creation of an atomic 
center near Morshenich for use of the state and has empowered the government to conclude an agreement with 


England for supply of a reactor of the “Dido™ type, in addition to the "Merlin" reactor already ordered for this 
center from England, The new center will be given a series of institutes [2], 


The West German firm of "Rheinishe-Westphalische Electrisitetsverke® shares an order for a power 
reactor for West Germany of electrical power of 15 Mw, with the English firms of "Mitchell Engineering" and 
“Atomic Inc," (see figure above), The reactor is scheduled to go critical at the end of 1959, 
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This is a boiling water reactor, where the water is used as moderator and coolant, The boiling water 
passes through an opening in the fuel elements that contain uranium oxide and thorium oxide, Cladding of 
the fuel] elements is made of an alloy of zirconium, An interesting feature of this reactor is the fact that 
natural convection is used in the coolant loop, while in the future, if necessary, forced convection can be 
adapted in the system, 


The core of the reactor is a cylinder of height and diameter equal to approximately 1.5 m; its design 
permits utilization of fuel elements of various types and dimensions, 


The core is situated within a thick walled steel tank, The space between the wall of the tank and the 
core (approximately 23 cm) is filled with water, fulfilling the function of a reflector (3). 


It is considered that assurance of nuclear fuel supply for the reactors depends on participation by the 
GFR in the financing and construction of a European installation for isotope separation, In addition, it is 
planned to build an installation for fuel reprocessing in cooperation with France, 


The West German entrepreneurs are evincing fears that the import of reactors and equipment from other 
countries can lead to an undesirable, for the West German firms, widespread participation by foreign companies 
in the development of atomic industry in the GFR, For this reason the West German industrialists are trying to 
participate to a maximum degree in the design and construction of reactors in the GFR [1], Apparently, as a 
result of these fears, the Federal cabinet in December 1956 approved, over objections, plans for a law dealing 
with reservation for private interests of initiative in this matter [2]. 
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EXPERIMENTS IN REVEALING DISLOCATIONS IN METALS 


The dislocation theory explains many properties of crystalline substances, especially metals, This 
theory has been developed to such a stage that a large number of phenomena can be attributed to dislocations, 
The concept of dislocations originated to some extent speculatively, and experimental evidence of their 
existence is matetially very important from the point of view of the theory of solids, since in particular it 
Opens up new prospects for the production of high-strength materials, 


A number of papers have recently been published on the occurrence of dislocations in metals and they 
show quite convincingly that large numbers of dislocations occur even in well-annealed single crystals, 


Examination of a single crystal of Ge [1] showed that a low-angle boundary, that {is to say the boundary, 
between two parts of negligible difference in orientation, appeared after etching in the form of a line of evenly 
spaced etch pits, According to the dislocation 
theory [2], such a boundary must consist of a 
line of linear dislocations spaced at a distance 


{ 
L 
i 


apart of D = a » Where b is the Burgers 


dislocation vector and is the angle between 
the crystal parts, The measured [1] distance 
between the etch pits is in good agreement with 
| that between the dislocation spacings as cal- 
Re Coy ig ¥ | concluded from these experiments that each 

. 4 etch pit is the point of emergence of a linear 

90 Qo oe o a dislocation on the surface of the crystal, 

(Fig. 1) have been observed [3], The linear 
density of etch pits along low-angle boundaries 
varies and is connected with differences in the 


degree of mutual disorientation of the crystal 
parts, 


Fig, 1, Intersecting low-angle boundaries in 
a single crystal of Ge [3], x 450, 


Etch pits with’a spacing in agreement with those calculated from the surface termini of linear disloca- 
tions have also been observed in low-angle boundaries of polygons in deformed and annealed single crystals of 
silicon-iron (with 3.25% Si)* [4], Lines of dislocations, regularly spaced along low-angle boundaries, have 
been observed in the examination of thin single crystals of aluminum by transmission in the electron micro- 
scope [5]. Rows of evenly spaced etch pits have been observed in the microscopic examination of chromium 
sheet, thermally etched at 1300°C ina as atmosphere [6]. 


Etch pits have been found in thermally etched (600°C, Tents atmosphere) bent single crystals of 
Ag [7]. The surface density of the etch pits pene per cm 2) was inversely’ proportional to the radius of 


In a recently published paper [18] it is shown that in deformation of silicon ferrite, the segregation of 
carbon is a necessary prerequisite to the production of etch pits at the points of emergence of dislocations, 
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crystal of Ag was 2,5°¢ 10° per cm’, 
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Fig, 2, Dislocations in silicon ferrite [8], X 750. 
a) After deformation; the dislocations (etch pits) 
are situated in slip planes in a zone of intense de- 
formation; b) after annealing for 1 hour at 

850°C, the dislocations are situated in planes 

at right-angles to the slip plane, forming boundaries 
between different blocks, 


bend of the crystal, as follows from the theory of linear dislocations, It was found that the etch pit density as 
determined experimentally, agreed with the calculated dislocation density, It is evident that in this case also, 
each etch pit may be considered as the point of emergence of a dislocation at the surface of the crystal. 

According to the authors‘ calculations (7), the density of linear dislocations in an annealed, undeformed single 


Investigations giving similar results 
have been made on bent single crystals of 
silicon-iron (with 3,25% Si) etched electrolyti- 
cally [8]. On annealing, dislocations of 
Opposite sign, produced by a series of successive 
bending and straightening operations on the 
single crystal, cancelled each other out, It 
was also observed that dislocations moved 
from strongly deformed parts of high disloca- 
tion density to regions of low density, During 
deformation, the dislocations arranged them- 
selves predominantly along the slip planes, _ 
Annealing at 700 to 800°C produced a re- 
grouping of the dislocations in rows perpendi- 
cular to the slip planes (Figs, 2, a and 2, b), 
Low-angle boundaries were formed in the 
crystal, separating parts (blocks) rotated . 
slightly with respect to each other, i.e., 
polygonization occurred, Further annealing 
increased the width of the blocks; the kinetics 
of this increase were also studied, 


Dislocations along slip bands or planes 
have been observed in single crystals of Ag 
(7), Al(9], Ge [10], and Zn [11], Investi- 
gation [11] showed that the linear density of 
dislocations in slip planes increases with 
increase in the degree of deformation, and is 
greater: in planes with large shear, Regular 
arrays of dislocations have been found (Fig. 3). 
In some cases, the etch pits were spaced in 

the slip plane in such a manner that the dis- 
tance between them gradually decreased 

(Fig. 4), this being evidently connected with 
the arrest of dislocations by an obstacle, as 
forecast theoretically 2). 


Low~angle boundaries consisting of 
lines of dislocations are movable and, as ob- 
served in Zn crystals, move under application 
of stress [13] (Fig. 5); reversing the stress re- 
sulted in the boundary moving in the opposite 


direction, A study of this process showed that motion of the boundary occurs more readily when the angle @ 
between corresponding crystal parts is small; boundary motion is obstructed by lattice defects, During the 
movement of a boundary, some of the dislocations get caught in different lattice defects and this, after re- 
peated movement of the boundary, results in a diminution of the angle 0 between the crystal blocks, The 
effect of temperature on the rate of movement of boundaries under the action of stress has been studied, as 
well as the process of interaction between low-angle boundaries, These experiments are valuable, since it {s 
possible to form from them some idea of the laws governing the movement of dislocations-in a stress field, 
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Fig, 3, Ordered arrangement of dislocations in 
Zn [11]. X 1000. 


ary 


Fig. 4, Arrest of dislocations in a slip plane (0001) 
of zinc by an obstacle [12], x 600, 


Fig. 5, Movement of a low-angle boundary under 
the effect of stress [13], x 50, 

a) Initial position, Curved scratches — observation 
marks; b) movement of boundary to the right by 
0.1mm; Cc) movement of boundary to the left 
by 0.4 mm, 


Both rapid and slow (jerky) movement of 
dislocations has been observed in the examination 
of thin aluminum foil under the electron micro- 
scope [5]. 


Fig. 6. Rhenium crystal tip, radius about 800 A, On the line between the poles 
of the 1010 and 1120 planes are to be seen individual atom layers spaced 2,76 A 
apart [15], Voltage on tip 19,200 volts, Temperature 21° K, Pressure He 


15°10 mm Hg. ~ 1,000,000, 
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In nonmetallic crystals, spiral growth has often been observed; it is attributed to the existence of screw 


dislocations, 


| 
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Fig. 7, Surface of single crystal of W in the field 
ion microscope, Screw dislocation (spiral) round 
the {011} pole [16,b]. 

Measured step height 4,6 A, Field voltage 

200 megavolt/em, Pressure H-3*10™ mm lig. 


In metal crystals, it is extremely difficult 
to observe spiral growth, since the Burgers 
vector of screw dislocations is small (~3 A) 
and requires microscopes of high resolving power, 
for example the field ion microscope, In this 
microscope an electrostatic field of the order 
of hundreds of megavolt/em is applied to a 
point or tip of very small radius of curvature, 
This field is sufficient to produce ionization 
and detachment of atoms from the surface of 
the tip, i.e., to "etch the surface of the tip 
and form a magnified image on a screen, due 
to the gaseous ions filling the microscope, 


Figure 6 shows the tip of a rhenium crystal 
at a magnification of ~ 1,000,000, The large 
oval black portions are the atomically smooth 
planes of the single-crystal face, The rings of 


white dots surrounding these planes are groups of atoms, The resolving power of the microscope permits good 


observation of the individual atom planes, 


Using the field ion microscope, interesting data have been obtained on screw dislocations [16], The 
gradual destruction of the tip of a single crystal of W has been investigated in a field of 200 megavolt/cm (at 
a tip temperature of 1200° K) and 500 megavolt/cm (at a temperature of 300° K), At 1200° K, spiral steps of 


a height of ~5 A_ were observed round the {or} 


{112 \, and {001 poles (Fig, 7) indicating the presence 


of corresponding screw dislocations, The density of the screw dislocations in erystzls was found to be ~ 10° - 


10” cm™, and the length ~5 - 500 A [16]. 


Fig, 8, Consecutive stages in the formation of a screw dislocation 
in crystals of Cd, grown from vapor [17]. x 50. 
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No screw dislocations were found at 300° K; concentric circles with a step height of ~ 1,2-2,1 A were 
observed, ‘The absence of screw dislocations in this case is evidently connected with the fact that they are 
caused to disappear by the action of the tensile stresses set up in a crystal when in an electrostatic field of a . 
strength of 500 megavolt/cm, 


Screw dislocations in metal crystals (Mg, Ag, Au) have been observed in the optical microscope [14], 
The growth spirals were "shadowed" with plasticine, which was placed on the surface of the crystal and,, 
reacting along the edge of the monomolecular growth layer, produced blurring visible in the microscope, 


The formation of spiral growth has also been observed in experiments on the growth of Cd crystals from 
vapor [17] (Fig, 8), In this case, the step height was ~ 1000-1500 A and a so-called “giant” dislocation 
having a large Burgers vector was formed, 
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NEW DATA ON THE SEPARATION OF URANIUM ISOTOPES 


I, Fractionation of Uranium Isotopes in a Separating Nozzle 


We have previously reported [1] a new method of separating isotopes by means of a Laval nozzle, The 
originators of this method have published data [2] on the separation of the uranium isotopes, To simplify the 
experiments the pump system was replaced by traps for freezing out substances, and the slotted nozzle pre- 
viously used was replaced by nozzles with round openings, In addition, to facilitate the demonstration that 
an enrichment of the UF, was achieved in a single stage, the part of the gas withdrawn, 


a molar flux of the gas through the periphery 
7 total molar flux 


was unusually small, The conditions of the experiment were as follows: the minimum diameter of the con- 
tracting nozzle was 0,5 mm, The distance from nozzle to diaphragm was 0,15 mm; the width of the diaphragm 
was 1.8 mm, The pressure of the UF, at the input was 10 mm Hg, Under these conditions four tests were 
carried out with average withdrawal 0 = (4,5 4 0,5)%, Repeated samplings of the gas were analyzed with a 
mass spectrometer, The results of the determinations of 


% U™® in the gas at the periphery 
% U5 in the central flow of the gas 


€A 


are collected in the table, On the average, an enrichment of natural uranium in the isotope U5 by (1.3 + 
+ 0.2) % was obtained, 


Experiment Number of analyses €, 


3 1.80 + 0.39 
4 1,26 + 0.26 
10 1.33 + 0.19 
3 0.89 + 0.12 


Average value 20 1,32 4 0,13 


Il, Enrichment of Uranium Isotopes in a Counterflow Centrifuge 


In the experiments of Beyerle and others [3] a temperature difference, leading to thermal convection 
is established involuntarily, depending on accidental constructional details inside the vacuum jacket, In order 
to avoid the disturbing effects of turbulence inside the rotor, hydrogen was added in excess to the mixture to 
be separated, Subsequent experiments by Hertz and Nann [4] have shown that the thermoconvection multipli- 
cation effect can also be achieved in just such a centrifuge without hydrogen, and that the effect can be 
strengthened by the production of an additional axial temperature gradient, 


; 
Pe 
——- 


[/ Ty 


5° 45° 


will reach 60%, 


No, 59, Verlag Chemie, 


Co= 


=a — enrichment factor, 


Ty sconst =25°C 


ag 


08 


(U235/U253)enriched 
(U235/U233)natural 
(U235/U238) enriched 
(U235/U238) natural’ 


Weinheim, 1950, 


Dependence of separation factor on the temperatures 
of the upper and lower covers, 


Ty temperature of upper cover; T, tempera- 
ture of lower cover, 


In these experiments § = 0,038; L = 63.5 cm; fg = 6,7 cm, from which one gets C; /Cy = 1,185, The 
experimental value found at the optimum speed of convection is C,/Cg = 1.190, The mass-spectrometer de- 
termination of the concentration of U™® was carried out with accuracy + 0.5%, The time for establishment 
of equilibrium of the whole contents of the centrifuge (at pressure 19 mm Hg) unexpectedly turned out small ~ 
about 12 min, From this it follows that one can pass through the centrifuge 4.9 “10% g/sec of UF¢, or 155 kg 
per year, with ratio 1,20 between the concentrations of U™® in the enriched and impoverished fractions, It 
is technically possible to increase the speed of the rotor from 250 m/sec to 300 m/sec and the length from 
63.5 cm to 120 cm. Such a centrifuge is being built at the present time, On the basis of the data so far ob- 
tained it is expected that in it the change of the concentration of U™® between the light and heavy fractions 
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These writers have carried out an en- 
richment of uranium hexafluoride by this 
method [5], The gas was introduced through 
the rotor shaft, and entered through the upper 
cover, At the same time, amounts of UF,, each 
equal to half of that introduced, were sucked 
out from the upper edge of the rotor and at the 
axis at the bottom, through other shafts, The 
upper and lower covers were kept at uniform 
temperatures by heating elements, As the 
temperature was raised the enrichment in- 
creased (see diagram), reached a maximum, 
and then fell off with further increase of the 
temperature gradient, When the direction of 
the temperature gradient along the axis was 

changed, the sign of the enrichment was changed, 


With simplifying assumptions (in parti- 
cular about the distribution of velocities in the 
flow) it follows from theory that the ratio of 
the concentrations at the ends of the rotor is 


Cr 
Co 


AM or, 


3L/2r 
=e a’ where t= 


L is the length of the centrifuge and rq is the 
inside radius, 
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QUALITATIVE CHARACTERISTICS OF THE GOLD-URANIUM ORES 
OF THE WITWATERSRAND 


The gold-bearing conglomerates of the Witwatersrand have attracted much attention in recent years as 
a possible large-scale source of uranium [1], 


Reserves of Thickness Content 
Mine (ore deposit) ore, thousands ‘ gold, UgOg, 
meters 
of tons g/ton To 
Blijvuuruitzicht 6865 1,1 18.7 0.019 
Daggafontein 4587 1.2 9.5 0.019 
Daggafontein (tailings) 3000 - sa 0.018 
Dominion Reef 202 0,9 * 0.099 
Dominion Reef (in piles) 2630 - ~ 0.043 
Doornfontein 1246 1.0 10.7 0.008 
East Champ 161 1A 0.045 
Ellaton 576 1,1 9.8 0.023 
Freddys 1193 1,0 9.3 0.017 
168 1.0 1.7 0.014 
Harmony 1846 1.3 13,2 0.029 
Hartebeestfontein 1682 1.0 14.9 0.033 
Lorraine 1101 1,1 . 5.6 0.012 
Luipaards Vlij Bird Reef) 644 0.9 py 0.101 
Merryspruit 843 1,1 10.0 0.008 
New Klerksdorp 250 1,2 4.0 0.016 
New Klerksdorp (tailings) 1272 - = 0.018 
President Brand 2524 1,2 13,2 0.016 
Randfontein 1710 0.8 2.8 0.054 
Stilfontein 4286 0.9 14,7 0.013 
Vaal Reefs 1480 0.9 16.1 0.034 
Virginia 1588 1.3 8.6 0.029 
Virginia (tailings) 271 = = 0.017 
Vogelstruisbolt (Kimberley Reef) 1098 me | 1.9 0.024 
West Driefontein 1438 1.1 26.0 0,009 
West Rand 3384 0.8 0.01 0.058 
Western Reefs 4562 1,2 8.7 -0.020 
Western Reefs (tailings) 9050 0.020 


The only questions explored in the press, however, have been those of the geological structure and 
mineralogy of these ores and the origin of the deposits; their qualitative characteristics have not been dis- 

cussed, Quite recently a number of data have been published that characterize the uranium content and the 
total quantities of uranium, and the prospective scale on which it may be extracted, 
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The data on the reserves and the uranium content are shown in the table (2). 


For certain mines, which are evidently the main suppliers of uranium, information on output is also given, 
For example, at the Harmony Company mines 45-50 tons of uranium oxide in concentrates are extracted each 
quarter, at those of the Blijvuuruitzicht Company about 60 tons, at the West Rand, up to 120 tons, and at 


Stilfontein 30 tons, These companies combined produced about 1000 tons of uranium oxide during the year 
1956, 


For 1957 it is planned to increase the output of uranium in South Africa to 2500-3000 tons [4], 


M, K, 


LITERATURE CITED 


[1] J, Atomic Energy 1, 2, 113 (1956), [Original Russian pagination. See C, B, translation.) 


[2] South Africa Mining and Engineering J, 68, 1, 3338, 221 (1957). 
(3) Ibid, Part 1, 3337, 167-175 (1957), 
[4] Ibid, Part 1, 3335, 43 (1957). 


829 
‘ 


RESEARCH ON RADIATION CHEMISTRY 


From March 25 to 30, 1957, the First All-Union Conference on Radiation Chemistry, convened by the 
Division of Chemical Sciences, Academy of Sciences, USSR, and the Ministry of Chemical Industry, USSR, 
was held in Moscow, The Conference was attended by representatives of a large number of scientific in- 
stitutions and undertakings of the Soviet Union, and also by scientists from China, Bulgaria, Czechoslovakia, 

Poland, Yugoslavia, and Rumania, 


The following topics were discussed at the Conference; the action of nuclear radiations on water and 
aqueous solutions of inorganic and organic substances, radiational electrochemical] and corrosion processes, the 
action of radiations on individual organic substances and polymers, and the construction of radiation sources for 
radiation chemistry, 


The elementary processes occurring under the action of ionizing radiations are now being increasingly 
studied by the methods of mass spectrometry, by which it is possible to obtain data on the nature of the 
primary ionization products in the first stagés of their interaction in the gas phase, The first session was de- 
voted to discussion of results obtained in this field, N,N, Tunitsky and S, E, Kurpiyanov examined the in- 
fluence of the energy of ionizing radiations and the structure of hydrocarbon ions on the nature of their dissocia- 
tion, V. L, Talrose and E, L, Frankevich dealt with interaction between ions and molecules, Having examined 
a large amount of experimental data they reached the conclusion that these reactions proceed without activation 
energy. 


Yu, A, Chizmadzhev and V, Yu, Filinovsky gave the results of theoretical calculations of the distribution 
of radicals in solutions in time and space, In contrast to Magee and Samuel, who devote most attention to 
radical diffusion processes in such calculations, the speakers attributed the principal role, especially in the 
-initial stages, to recombination processes, They calculated the dependence of the yield of molecular products 
on the concentration of the radical acceptor for radiations with high ionization density, It was shown that 
comparison of this relationship with experimental data makes it possible in principle to solve the question of 
the distribution and role of slow electrons in liquid phase processes, 


The session on the action of radiations on aqueous solutions included a paper by S, A, Brusentseva and 
P, I, Dolin on the mechanism of formation of the radiolysis products of water (H, and H,Q,), It was considered 
until recently that they are always formed as the result of two processes; a radical and a molecular process, 

_ According to Allen's theory, the products of the so-called molecular reaction are also formed from radicals, 
but in regions of high ionization density, where the radicals, because of their high recombination rate, are not 
easily available for reactions with dissolved substances, By studying the dependence of the yields of the mole- 
cular products on KBr and KCI concentrations, the authors showed that this differentiation of the processes only 
has meaning in relation to solutions with low concentrations of dissolved substances, A similar conclusion was 


reached by N, A, Bakh and V, I, Medvedovsky with their co-workers, who studied nitrate solutions with the aid 
of new methods developed by them, . 


The paper by A, M, Kabakchi, V, M, Erokhin, and V, A, Gramolin dealt with a topical problem of 
modern radiation chemistry — the action of radiations on concentrated aqueous solutions, 


The paper by Draganic, Simic, Mileshin, and Radak (Yugoslavia) contained the results of a study of the 
dependence of the radiation-chemical yields in the oxidation of iron solutions and decomposition of oxalic 
acid on the energy of slow protons, 
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V, Ya, Chernykh, S, Ya, Pshezhetsky, and G, S, Tyurikov carried out the first investigation of the de- 
composition kinetics of hydrogen peroxide under the action of y-radiation in the concentration range from 
2 to 92 molar % H,Q,, 


The paper by V. G, Firsov and B, V, Ershler dealt with the kinetics of radiation~induced oxidation of 
quadrivalent uranium solutions, The authors suggested a mechanism for the process, which involves the forma- 
tion of radicals and molecular products of the radiolysis of water by the Allen mechanism, and derived a kinetic 
equation which quantitatively describes the oxidation process, 


Possible ways of increasing the efficiency of the action of nuclear radiations were also discussed at the 
Conference, The paper by A, 1, Chernova, V, D, Orekhov, and M, A, Proskurnin dealt with the sensitizing 
role of ferrous ions in the radiolysis of aqueous solutions, leading to increased yields in oxidation of various 
dissolved substances, such as benzene (E, V, Barelko et al,), Other substances, such as glycerol and nitrates, 
added to solutions also have a sensitizing effect (V., D, Orekhov, M, A, Proskurnin, et al.), 


Another method of increasing the yield in radiation-chemical reactions was discussed by D, M, Shub, 
G. S. Tyurikov, and V, I, Veselovsky, who found that the yields in the reactions of formation and decomposition 
of hydrogen peroxide in water under the action of radiations are increased considerably in presence of ZnO and 
Al,Q,. The authors attribute the sensitizing action of semiconductors to the fact that the energy absorbed by 


them is effectively transformed into electronic excitation energy, which is transmitted to the components of 
the reaction mixture and initiates chemical reactions, 


The question of electrode potentials arising in aqueous solutions under the action of radiations was con- 
sidered in a number of papers, Ts, 1, Zalkind, V, I, Veselovsky, and G, Z, Gochaliev established that in solu- 
tions of acids and alkalies a potential difference arises between plaunum and gold electrodes, owing to the 
different electrochemical behavior of these metals upon irradiation, A stationary potential difference can 
also be produced by means of these electrodes in solutions of uranium salts (N, B, Miller, Ts, I, Zalkind, and 
V. 1, Veselovsky), P. 1, Dolin and V, 1, Duzhenkov obtained a potential difference by using the reactions of 


iron oxidation and molecular hydrogen formation in the radiolysis of water, the oxidation and reduction com- 
ponents being separated in space, 


Papers by Ya, M, Kolotyrkin, M, N, Fokin, and E, K, Oshe dealt with metal corrosion processes under 
the action of nuclear radiations, The mechanisms of the increase of corrosion rate and of metal passivation 


under the action of radiations were discussed in the papers, and methods for the protection of irradiated metals 
were proposed, 


Considerable space was devoted to papers on the action of radiations on separate components of biological 
systems, Interest in this subject is aroused by the desire to determine the nature of the chemical processes 
occurring in the organism under the action of radiation, The action of radiations on the following was dis- 
cussed; protein solutions (T, E, Pavlovskaya, A. G, Pasynsky, M, A. Khenokh, and E, M,Lapinskaya), amino 


acids and carbohydrates (M, A, Khenokh), nucleic acids and related compounds (T, N, Rysina), and animal 
fats (B. Tarusov), 


The sessions devoted to radiolysis of individual organic compounds included a paper by Kh, S, Bagdasaryan, 
T, S, Nikitina, and V, A, Krongauz on the redistribution of energy absorbed by mixtures of organic substances, 
On the basis of experimental results the authors reached the conclusion that transfer of excitation energy from 
one component of a system to another is effective only between aromatic components, 


B, M, Mikhailov and his co-workers reported on the results of the action of fast electrons on gaseous 


hydrocarbons (methane, ethane, propane, n-butane, and ethylene), It was found that the principal process to 
take place is the formation of liquid products, 


PL Vv, Zimakov, E, V, Volkova, and L, A, Krasnousov studied the reaction of benzene chlorination by 
gaseous chlorine under the action of ionizing radiations, The prospects of industrial production of hexachloran 
were discussed at the Conference, A, V, Zimin et al. reported on the formation of halogenated benzenes by 
the action of y-radiation on mixtures of benzene with carbon tetrachloride and with fluorine compounds, 


The oxidative radiolysis of organic substances, which is being increasingly studied in the Soviet Union, 
formed the subject of a number of papers, V, V, Saraeva, N, A, Bakh, et al, carried out chromatographic 
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analysis of the products of liquid-phase radiational oxidation of n-heptane and isooctane, A comparison of 
the results obtained with mass spectrum data revealed the very peculiar nature of the processes occurring in 
the liquid phase, 1, V, Vereshchinsky and N, A, Bakh compared the results of oxidation of benzene and cyclo- 
hexane under the action of x-rays,fast electrons, and radiation from a nuclear reactor, Initiation of chain 
reactions of paraffin hydrocarbon oxidation (cetane) by-the action of y-tatintion ¥ was discussed in the paper 
by Yu, L, Khmelnitsky, M, A, Proskurnin, et al, 


Considerable attention was devoted to the action of radiations on polymeric substances, A, N, 
Pravednikov and S,S, Medvedev reported on the mechanism of cross link formation in irradiated polyethylene, 
leading to an increase in the strength of this material, Transition of crystalline polymers into the amorphous 
state was discussed in a paper by V, L, Karpov and his co-workers, A number of papers dealt with the role of 
gas formation in the degradation of irradiated polymers (V, L, Karpov, B. L, Tsetlin, and A, B, Taubman), 


New data on the radiational vulcanization of rubbers were reported by T, S, Nikitina, A, S, Kuzminsky, 
etal, Yu. S, Lazurkin and G, P, Ushakov showed that y-irradiation improves the frost resistance of silicone 
rubbers, Z, N, Tarasova, M, Ya. Kaplunov, V, N, Kuleznev, and B, A, Dogadkin reported on the favorable 
influence of nuclear radiations on the properties of certain vulcanizates, 


The only paper to deal with the chemical action of radiations on solid salts was that by A, S, Baberkin, 
who studied the effects of y-radiation on solid crystalline salts of ionic structures KNOy, KC1O, and KC1Q,, 


A total of 56 papers was presented at the Conference, The proceedings of the Conference will be 
published by the Academy of Sciences USSR as a separate book, 


N, I, Popov 
ign 
: 


THE USE. OF RADIOACTIVE TRACERS IN METALLOGRAPHY 


The Eleventh Scientific and Technical Session on heat-resisting and thermostable alloys was held from 
April 1 to 6, 1957 at the Baikov Institute of Metallurgy, Academy of Sciences, USSR; the use of radioactive 
isotopes was reported in a number of papers relating to metallographical research, 


In the paper by S, Z. Bokhstein, S, T, Kishkin, and L, M. Morozov on “The Structure and Diffusional 
Mobility in Heat-Resisting and Other Alloys" a method was described for the autoradiography of oblique sections, 
by which it is possible to determine the parameters of boundary and volume diffusion, It was found with the aid 
of this method that self-diffusion of tin, iron, and chromium, and also the diffusion of these metals in chromium 
cobalt, iron, copper, iodide titanium, nickel, and various alloys proceeds preferentially along the grain boundaries, 
It was found that the self-diffusion coefficients are higher along the boundaries than within the grains, while the 


activation energy is, correspondingly, appreciably less, Increase of the diffusion rate when a stress a is applied to 
a specimen, and in deformation, was experimentally demonstrated, 


Ya. 1, Gerasimov, A, M, Evseev, and G, V, Pozharskaya, in a paper on "Determination of the Thermo- 
dynamic Parameters of Chromium and Cobalt Alloys by Measurement of the Saturated Vapor Pressure of Chromium® 
described measurements of the saturated vapor pressure of Cr! in the system cobalt — chromium by the Knudsen 
method, In this system, in the solid state, large negative deviations of activity from Raoult's law are found in 
the chromium-rich region, and small positive deviations in the cobalt-rich region, In the homogeneity region 


of the chemical compound Co, Cry (52-62 atomic % of chromium), formed with absorption of +3100 cal 


, the 
activity of chromium decreases sharply, 


S, D, Gertsriken, I, Ya, Dekhtyar, N, P, Plotnikova, L, F, Slastnikova, and T, K, Yatsenko investigated 
diffusion in the system iron—aluminum over a wide range of concentrations, They measured the parameters of 
volume diffusion of radioactive cobalt and iron in alloys of iron with 3-52 atomic % of aluminum, In alloys 
containing up to 25 atomic % of aluminum a slight increase of the activation energy of cobalt was found; the 
increase becomes considerable at higher aluminum concentrations, The activation energy of iron also changes 


little in the region up to 25 atomic % of aluminum, The diffusion parameters of iron and cobalt are in general 
similar, 


1, Ya, Dekhtyar and V, S, Mikhailenkov reported on "Determination of Diffusion and Deformation 
Parameters in Nickel—Chromium Alloys," The diffusion parameters of Co™ in nickel alloys containing 4-25 
atomic % of chromium were investigated, It was found that the activation energy of diffusion increases with 
chromium content, reaching a maximum at approximately 15 atomic % of chromium, It was determined from 


the diffusion data that the ta temperature coefficient of the elasticity modulus in the temperature range 
studied is 8.5°10™ degree 


Investigations of diffusion in the course of plastic deformation showed that diffusion coefficients increase 
in proportion to the square of the deformation rate, 


In the paper by V, I, Arkharov, V, S, Galishev, S, M, Klotsman, and A, N, Timofeev on "Evaluation 
of the Possibility of Detecting Internal Adsorption of Impurities in Alloys by Radioactive Tracer Methods" it 
was shown that, in studies of internal adsorption in alloys of copper with 0.4% tin and aluminum with 0,1% 
silver, the possibility of evaluating the resolving power of the methods employed is of great importance, The 
authors examined theoretically and calculated the distribution of electrons on the surface of a bicrystal, the 
plane boundary of which serves as the radiation source, and estimated it quantitatively for the surface of a 
copper bicrystal enriched with radioactive antimony at the boundaries, 


| 


M, E, Drtis, Z, A, Sviderskaya, and E, S, Kadaner studied the effect of the distribution of certain alloying 
elements on the behavior of magnesium and aluminum at elevated temperatures, The intracrystalline hetero- 
geneity of alloys in the system Mg-Mn-Al-Ca was quantitatively estimated by means of autoradiography. 


It was shown that long-term strength varies with the cooling rate, and its highest value corresponds to 
a definite degree of heterogenization of the structure of the cast alloy, The redistribution of radfoactive 
calcium in magnesium alloys, and of radioactive iron in aluminum alloys under the influence of homogenizing 
annealing was studied, It was shown that the heterogeneity of distribution of alloying additions, which arises 
in the course of crystallization, is extremely stable; this is evidently associated with the low rate of diffusion, 
This favors an increase of creep resistance, 


The proceedings of the session will be published separately, 


E, V. 
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AT THE ATOM PAVILION IN THE ALL-UNION INDUSTRIAL EXHIBITION 
(RADIATION MEDICINE SECTION) 


Methods of treating various diseases (cancer, hemangiomas, skin tuberculosis, Basedow's disease) using 
radioisotopes were demonstrated in the "Radiation medicine® section last year, Photos of patients before and 
after treatment with Co™, p®?, and 1%! were shown, 


Fig, 2, The RM-1 x-ray meter, 


y-tay treatment equipments types GUT-400-1 
(Pig, 1) and GUT-20-1 intended for treating malignant 
tumors and other diseases were shown, Both units use 
Fig. 1, The GUT-400-1 y-ray treatment unit, Co™, give powerful uniform y -ray beams to destroy 
malignant neoplasms, 


Dosimeter equipment was also shown, as follows: 
X-ray dose meter type RM-1, with automatic cut-off (close relay) for use with x- and y -rays (Fig, 2); 


KRM-1 x-ray dosimeter for medical use in measuring total dosages (around 1000 r) of soft x~ and 
y -tays in medical procedures (Fig. 3); 


an integrating dose meter for measuring x- and y-ray dose rates; 


the MR-1 equipment for measuring small doses of Xe and y -rays; 


B-2 radiometer for measuring radioactivity, using gas-filled counters, scaling circuits and an electro- 
mechanical register; 
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the DIB x-ray dosimeter for measuring x~ and y-ray doses up to 1000 r, 
Visitors were also shown equipment for the diagnosis and treatment of disease: 


a clinical ratemeter for determining blood-flow rates using tracers and also for delineating accumulations 
of radioactive material in the body, The unit is sensitive to y -rays of enetgy above 120 kev, 


a two-channel equipment for measuring the radiation intensity from an object containing active material, 
and for determining blood flow rates, blood-pressure and rates of uptake, 


Fig. 8, The KRM-1 medical kiloroentgen meter, Fig. 4, The RMS-1 handling bench, 


Photographs shown on the stands illustrated methods of determining blood flow in vascular diseases of 
the lower extremities using Na™ and of determining the functional state of the thyroid using 135! as well as 
methods of diagnosing malignant brain tumors, 


The RMS-1 handling bench (Fig, 4) for manipulating active materials, attracted much attention, The 
operator» is screened from the radiations by a combined screen consisting of 8 layers of lead glass and *Lucite® 
plus distilled water between the layers, The equipment shown contains a transport container for wansferring 
needles and applicators containing active materials to an operation container for sterilization, storage con- 
tainers, and remote handling equipment for small objects, 


In 1957 the “Radiation medicine section was supplied with fresh photos of patients with cancer and 
other diseases, before and after treatment; summaries of the medical histories, including dosage data will 
be added, An applicator method of treating skin cancer and hemangiomas using Ce™ will be shown, 


The range of diseases treated with ps? (neurodermatitis, psoriasis, trophic ulcers) will have been extended, 


A colorful stand will show the extension of radon treatment in the USSR, covering the period 1948-1957, » 
and the clinics and hospitals using radon, 


More details will be given on dosimetric équipment, several new refined models will be shown, and an. 
experimental EGO-20 y-ray unit will be shown, A fresh telecurie y-ray treatment cell will be shown, The 
selection of needles for interstitial radiotherapy of tumors will be greatly extended, 


1, P, Korobkina, 
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BRIE F COMMUNICATIONS 


England, In the development of the fuel elements for the Calder Hall reactors no account was taken of 
the increased creep of uranium after irradiation [1]. 


According to an official statement by K, Hinton at a press conference in London (called in connection 
with rumors about a stoppage of a reactor at Calder Hall), "the results of studies showing that irradiation in- 


creases creep appeared too late to enable us to avoid lengthwise flexure of the lower fuel elements in the 
Calder Hall reactor" [2], 


Although damage (burst casings) occurred to only two fuel elements out of 10,000, reactor No, 1 was 
twice shut off by alarms, In the lower and coldest part of the vertically placed fuel elements the conditions 
for resistance to creep turned out to be vary unfavorable both as to the temperature and as to the maximum 


load, This was not ascertained during the development of the elements because of the absence of a suitable 
experimental reactor for testing the elements under working conditions, 


The metallurgists of the Atomic Energy Directorate were aware of this even before the symposium on 
Calder Hall (November, 1956), at which the situation with regard to the fuel elements was represented as 


quite satisfactory, and as a way of contending with the problem of inceeased creep they secured the use of 
uranium with fine-grained irregularly ordered structure, 


The lower fuel elements of reactor No, 2 have now been fastened so as to prevent bending, It is pro- 
posed to do the same with the elements of reactor No, 1 during the next shut-down, Lengthwise bending of 
the fuel elements can be reduced to a minimum by raising the temperature of the fuel elements, making them 


shorter, and introducing independent support foreach (1. J, Atomic Energy 2, 4, 400 (1957);*2, Nucleonics 
15, 3, R-11 (1957)]. 


England, Plans have been confirmed in England for the construction of a new major institute of nuclear 
studies at Winfrith (near Dorchester), The institute, which will have as its main problem the development of 
new types of experimental and power reactors, will be directed by the noted English scientist Danfort, at 


present head of the reactor section of the Harwell Research Center, About 2000 people will work in the new 
institute, [Physikalische Blatter 13, 1, 49 (1957)). 


England, The fitting out of the first English atomic submarine has been consigned to the firm *Vickers- 


_ Armstrong.” The reactor and auxiliary equipment are being planned by the firm "Rolls-Royce 
generators and heat exchangers by “Foster- Wheeler,” 


" and the steam 
(Interavia Air Letter No, 3682, March 9, 1957), 


England, It is planned to build an atomic electric station of power 150 megawatts in Northern Ireland 


The decision to build the station was occasioned by the development of industry in Northern Ireland, It is 
proposed to put the station in operation in 1963 or 1964, (The Times, March 7, 1957), 


U.S.A, According to an announcement of the AEC, on February 12, 1957, during testing, the Los Alamos 
fast-neutron experimental reactor exploded, The explosion occurred because of the development of high 
temperature and pressure in the active zone owing to the chain reaction getting out of control, Separate parts 
of the spherical active zone, of diameter about 16,8 cm, composed of U 


, Were thrown to a distance of 
several feet, The explosion did not damage the building in which the reactor was housed, The building was 
decontaminated by ordinary methods, 


This reactor was one of several critical assemblies used in the Los Alamos laboratory for the study of 
fast-neutron systems, [Nucl, Engineering 2, 13, 167 (1957)]. 


* (Original Russian pagination, See C, B, translation.] 


U.S.A, The firm *Hughes Tool* (California) proposes beginning in the near future a study of the 
possibility of using atomic motors for helicopters, The research program includes work on the development 
of a helicopter of total weight 450 tons [Atomic Energy Clearing House 2, 52, 10 (1957)]. 


U.S.A, The firm *Acrojet General Nucleonics® has begun commercial production of instructional- 
experimental reactors, About 600 g of uranium of 20% enrichment is used in each reactor, Polyethylene, 
previously stabilized by irradiation, is used as moderator, The price of the reactor will probably be about 
100,000 dollars, [Atomkern Energie 2, 2, 80 (1957)). 


U.S.A, At the National Reactor Testing Station in Idaho construction is being completed on an experi- 
mental reactor with an organic moderator (OMRE), Dipheny] will be used as heat transfer medium and 
moderator in the reactor, During operation of the reactor the temperature of the heat transfer medium will 
be 260-370°C, The planned thermal power of the reactor is 16,000 kw, It is proposed to use reactors of this 
type for the production of steam and electric power, (Appl. Atomics 84, 10 (1957)]. 


U.S.A, The AEC has announced that the experimental sodium power reactor (SRE) built for it by the 
firm "Atomics International" in the vicinity of Los Alamos, has reached the critical stage. During the first 


test operation the power of the reactor was 1 kw; its planned thermal power is 20,000 kw, [Appl, Atomics 
84, 10 (1957)). 


New Zealand, Deposits of uranium have been found in Baller George on the west coast of the South 
Island of New Zealand, Evidently they are of the alluvial type, The uranium ore consists of coffinite, which 
has been identified by x-ray analysis and by the absence of thorium, The coffinite is a primary component of 
arcose sandstones and argillites of the cretaceous period, Individual specimens of the ore contain up to 2-5% 
of uraniuia oxide, The reserves of uranium are tentatively valued at 10-20 million pounds sterling (evidently 
about 1500-3000 tons — editor), The new uranium-bearing region is attracting the attention of English and 


American companies, [South Africa Mining and Engineering J. 68, 3335, 261 (1957); Nature 179, 4558, 546 
(1957)). 


India, In the northeast part of the country there has been discovered a deposit which, according to an 
announcement of the Directorate for Atomic Energy of India, is one of the largest deposits of radioactive ores 
in the world, The reserves in the deposit are estimated at 3.3 million tons of ore containing 10% thorium and 
0.3-0.4% uranium, and in addition about 80 million tons of ilmenite, [South Africa Mining and Engineering J, 
68, 3346, 583 and 3348, 685 (1957)). 


Brazil. A rich deposit of uranium ore has been discovered in the vicinity of the city of Aguas de Prata, 
The uranium content in the first specimens of the ore is from 5 to 10%, [Mining Record 68, 6, 3 (1957)). 


Norway, In Haldin construction is being completed on a heavy-water reactor which will generate steam 
for industrial use, The reactor is being built in a tunnel; the rock surrounding the reactor will serve as additional 
shielding (besides concrete), The reactor will contain 316 fuel units and 19 cadmium regulating rods, 


The starting of operation of the reactor is planned for the autumn of 1957, The cost of the construction 


is 325 million francs, The cost of the heavy water and uranium is 485 million francs, [Energie Nucleaire 
1, 1, 58 (1957)). 


Belgium, Ata meeting of Americans and Belgians at the end of 1956 the Belgian specialists were given 
certain secret data required for the new Belgian reactor in Moll, The Westinghouse company has ordered an 
electric reactor of capacity 11.5 kw which will evidently be established in Moll, 


With the participation of English and American specialists there has already been built in Belgian a gas- 
cooled graphite reactor of capacity 3 megawatts, A second reactor will also be built with the participation of 
American specialists and companies, Beginning of operation of the second reactor is planned for 1959, The 


question of building a third reactor, for biological and medical researches, is under consideration, [Industrie 
Chimique Belge 22, 1, 55 (1957)). 


Austria, The first conference of the countries taking part in the International Atomic Energy Agency 
will convene at the invitation of the Austrian government in Vienna at the end of 1957, It is expected that the 
conference, which will last three or four weeks, will be attended by 1000 delegates and 500 observers, It is 
proposed to call conferences annually, [Atomics and Nuclear Energy 8, 4, 145 (1957)). 


Switzerland. The second International Conference on the Peaceful Uses of Atomic Energy will be 
conducicd in Geneva, September 1-13, 1958. [Science 3256, 1051 (1957)]. 
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ANNOUNCEMENT 


Problems of Nuclear Power, Collections of translations and surveys of the foreign periodical literature 
(No, 1 for 1957, Foreign Lit, Press, 106 pages, 7 rubles).* 


With this collection there begins the issuance of periodical collections containing translations and also 
surveys of the foreign periodical literature on the most important problems of nuclear power, 


These collections will contain the most interesting articles from foreign scientific and technical journals 
on unsettled questions concerning nuclear power, Particular attention will be given to problems of the planning 
and construction of nuclear power reactors, to the designs and component units of atomic electric stations, to 
studies of new heat-transfer materials and various kinds of constructional and other materials, to controlling 


and measuring apparatus, to various kinds of auxiliary equipment, to problems of shielding, and to technical- 
economic problems, 


These collections are intended for workers specializing in the field of nuclear power and adjoining 
branches of nuclear technology, and also for a broad circle of scientific and technical workers in various 
specialties who are interested in the problems of nuclear technology and its further development, 


The collections that will be issued can also serve as a useful aid for students and candidates in a number 
of subjects at higher technical educational institutions, 


The editorial board includes prominent Soviet scientists; Academician A, P, Aleksandrov, Corresponding 
Member of the Academy of Sciences of the USSR, N, A, Dollezhal’, Doctor of Technical Sciences A, S, 
‘Zaimovskii, Corresponding Member of the Academy of Sciences of the USSR V., A, Kirillin, Doctor of 


Physical-Mathematical Sciences A, K, Krasin, Corresponding Member of the Academy of Sciences of the USSR 
M, A, Styrikovich, and others, 


The first collection contains the following material, 


In the section on “Economics,” an article “Economic and Technical Problems of the Production of 
Electric Power in Atomic Electric Stations," 


In the section “Stations and Plans," an article “Calder Hall* and material from the Fifth World Con- 


ference on Power ("An Atomic Electric Station with a Boiling Water Reactor of Capacity 180 Megawatts® 
and “An Atomic Electric Station with a Reactor Using an Organic Moderator"), 


In the Section on "Heat Transfer,” articles "Heat Transfer and Hydraulic Resistance in Porous Media 
and Precipitates" and "Thermal Design of a Nuclear Power Reactor," 


In the section on *Shielding,* an article "Research Program of the AEC on the Establishment of Limits 
on the Safe Operation of Reactors,” 


In the section "Handbook Notes," data on the attenuation of y-rays and a table of reactors in various 
countries, 


In the section "Nuclear Power News,” notes "Use of Suspensions in Nuclear Reactors," “Overload of Fuel 
Elements," “Perfecting Fuel Systems," 


The collection is well bound and profusely illustrated, 


* [in Russian], 


a“ 
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NEW LITERATURE 


Books and Collections 


Vybornykh, S,F,, Use of Radioactive Isotopes in Oil Production and Well Drilling (Method of Labeled 
Atoms), State Fuel Tech, Press, 1957, 110 pages, 2 rubles 75 kopecks, 


Graevskii, E, Ya, and Shapiro, N, 1., Contemporary Problems of Radiobiology, Acad, Sci, USSR Press, 
1957, 95 pages, 1 ruble 55 kopecks, 


Zaitseva, L. L., Principle Stages of Development of the Science of Radioactivity in Prerevolytionary 
Russia, Edited by N, A, Figurovskii (Acad, Sci, USSR, Institute for the History of Natural Science and 
Technology), 1957, 25 pages, no price, 


Use of Radioactive Isotopes and Radiation in the Petroleum Industry, Proceedings of the All-Union 
Conference, State Fuel Tech, Press, 1957, 240 pages, 10 rubles 30 kopecks, 


Use of Radioactive Isotopes in Ferrous Metallurgy, Notes of a scientific and technical conference, 
Edited by A, N, Morozov, Cheliabinsk, Book Press, 1957, 216 pages, 9 rubles 30 kopecks, 


The V, G, Khlopin Radium Institute, Contributions, Acad, Sci, USSR Press, 1957, Vol. 5, No, 2, 293 pages, 
16 rubles 95 kopecks, 


Summary of Data on Isotopes for the Eight Years 1946-1954, Translated from the English, Foreign Lit, 
Press, 1957, 366 pages, 32 rubles 40 kopecks, 


Sobolev, V, V., Transfer of Radiant Energy in the Atmospheres of Stars and Planets, State Tech, Press, 
‘1956, 391 pages, 11 rubles 20 kopecks, 


35 Years of the V, G, Khlopin Radium Institute of the Academy of Sciences of the USSR, Chief Editor 
I, E, Starik, Acad, Sci, USSR Press, Leningrad 1957, 72 pages, no price, 


Nuclear Processes in Stars, Collection of Reports Presented at the Fifth International Colloquium on 
Astrophysics in Liege, September 10-12, 1953, Translated from the English and French, Foreign Lit, Press, 
1957, 423 pages, 17 rubles, 


“‘Ianushkovskii, V. A, and Berlin, R, I,, Radioactive Methods of Control and Measurement in the Food 
Industry, (Ministry of the Food Supply Industry of the RSFSR), 1957, 16 pages, no price, 


Journal Articles 


Alpers, V. V., and others, A Study of the Burst Lines Formed by High Energy Cosmic Rays, Proc, Acad, 
Sci, USSR 112, 1 (1957), 


Artsimovich, L. A,, and Luk"ianov, S, Yu,, Thermonuclear Reactions (Search for a Controlled Thermo- 
nuclear Reaction), Nature, No, 1 (1957), 


Beglarian, A. G, and others, Histopathology of the Nervous System in Various Periods of Experimental 
Acute Radiation Sickness, Proc, Acad, Sci, USSR 112, No. 3 (1957). 


Gariftianov, N, S,, Paramagnetic Resonance in the Alkali Metals (Letter to the editor), J, Exptl;-Theoret, 
Phys, 32, No, 1 (1957), 
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Gvozdev, V, S, and Rusinov, L, 1, A Study of the Nuclear Isomer Hf!™ » Proc, Acad, Sci, USSR 
112, 3 (1957), 


D*erdi (Gyorgy), G., A Physical Model of Hyperons (Letter to the editor), J, Exptl,-Theoret, Phys, 32, 
1 (1957). 


Govorkov, B, B., Dependence on Nuclear Mass Number of Cross Section for Photoproduction of 1°= 
Mesons, Proc, Acad, Sci, USSR 112, 1 (1957), 
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